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SMALL CYCUC PLATELET AGGREGATION INHIBITORS 

5 HeidorthehwenUQn 

The present invention relates to inWbitors of platelet aggregation. Specifically, the inventton Is 
directed to antagonists of the final common pathway of platelet aggregation and that as potent aniithromlwlics. 
The invention further relates to therapeutic application of these inhibitors in cfiseases for which Woddng of 
platelet aggregation and intracellular adhesionis indcated. 

10 BackgnxiKiafthelnvenBon 

Platelets are particles found in whole blood which participate in the process of thrombus fonnation and 
blood coagulatioa A membrane bound glycoprotein, commonly known as QP Ibllla, is present on the exterfor surface 
of platelets. Glycoprolein llbllla is a non-covalent calcium ion d^)endent heterpcfimer complex composed of alpha 
and beta siiwrfls (Jennings, et al., J. BbL Chem. (1982) 257. 10458). These glycoproteins contribute to nomial 

15 platelet function through interactions with proteins containing the amino acid sequence Arg-Gly-Asp, such as 
laxlnogen. The interaction of GP llbllla with fibrinogen is stimulated by certain factors released or exposed when 
a Wood vessel is irijured. ^Ajltiple factors, including a variety of physiologic sBmiJ and soluble mediators, initiate 
platelet activation via several pathways. These pathways have a common final step which is the activation of the 
QP llbllla receptor on the platelet surface and its subsequent binding to fibrinogen followed by aggregation and 

20 thrombus fonnation. By virtue of these interactions GP Ibllla is a component of the platelet aggragation system 
(Pytela et al, Science (1986) 231 . 1559). Thus, inNbiBon of the interaction of GP llbllla with Arg-Gly-Asp 
containing ligands such as fibrinogen is a usehri means of modufab'ng thrombus fonnation. An irtfiibitor which 
prevents this bincfing interaction would antagonize pfatelet activation by any stimulus and therefore would have 
Important antithrombotic properties. 

25 *teny common human dsofders are characteristically associated with a hy^ 

intravasciiar thromli and emboH. These are a major cause of medical moriDldity, leading to Infarction, stroke and 
phlebitis and of mortaDty from stroke and pt^monary and cardiac emboi. Patients with atherosclerosis are 
predisposed to arterial thromboembolic phenomena for a variety of reasons. Atherosclerotic plaques form niduses 
for platelet plugs and thrombii that lead to vascular nanowing and ocdusfon, resulting In myocardial and cerebral 

30 ischemic disease. This may happen sporteneously or foltowing procedures such as angtoplasty or endarteroeclomy. 
Thrombii that break off and are released into the circulation cause Marction of diffarent organs, especially the 
brain, extremities, heart and kidneys. 

In addition to being involved in arterial thrombosis, pfatelets may also pby a role in venous thrombosis. A 
large percentage of such patients have no antecedent risk factore and develop venous thrombopWebitis and 

35 subsequent pulmonary emboli without a known cause. Other patients who fonn venous trnnH have undertying 
diseases known to predispose to these syndromes. Some of these patients may have genetic or acquired 
deficiencies of factors that nonnally prevent hypercoagulability, such as antittvombin-3. Others have mechanfeal 
obstructions to venous flow, such as tumor masses, that lead to tow flow states and thrombosis. Patients with 
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2 

malignancy have a high ifKAIence of thrombolfc Antithrombolic therapy in this 

situation with curontiy available agents is dangerous and often ineffective. 

Patienis whose blood flows over artifidal surfaces, such as prosthetic synthetic cardiac valves or 
through extracorporeal perfusion devices, are also at risk for the development of platelet plugs, thrombii and 
emboli. It is standard practice that patients with artificial cardiac valves be chronically anti-coagulated. 
However, in all instances, platelet activation and emboli fbrmafion may sHII occur despite adequate anticoagulalion 
treatment. 

Thus, a large category of patients, including those with atherosclerosis, coronary artery disease, 
artificial heart valves, cancer, and a history of stroke. pNebitis. or pulmonary emboli, are candidates for limited or 
chronfc antithrombotic therapy. The number of available therapeutic agents is limited and these, for ihe most 
part, act by inhibifing or reducing levels of drculatng clotting factors. These agents are frequently not effective 
against the patlenTs underiying hematotogic problem, which often concerns an increased propensity for platelet 
aggregation and adhesioa THey also cause the patient to be susceptible to abnomial bleeding. Available 
antiplatelet agents, such as aspirin, inhibit only part of the platelet activation process and are therefore often 
15 inadequate for therapy. 

An agent which effectiveiy inhibits the final common pathway of platelet acfivatton, namely fibrinogen 
binding to the GP llbllla receptor, shouki accordingly be useful in a large group of disorders characterized by a 
hyperthrombotic slate as described above, ftie present inventnn contemplates such an agent which is a new 
composition, namely a cydic polypeptide consisting in part of natural amino adds and In part of unnatural amino 
acas. This new compositktn Interferes with the interaction of Aig-Gly-Asp containing peptMes. particularfy 
fibrinogen, wilh the GP llbllla complex thereby preventing platelet aggregatioa Platelet aggregation has been 
ktentified as an early step in the ftKmatkm of platelet plugs, emboli and thromba in the drculatory system whk:h in 
turn have been shown to play an adive role in cardiovasctiar compGcations and dsease. biKbiifen of fibrinogen 
bindng to the GP llbllia complex has been shown to be an effective antithrombotic treatment m animals (H. K. 
Gold, et al.. Cfrcuteto/I (1988) 77. 670-677: T. Yasuda. et al.. J. ain. tmesL (1988) 81. 1284-1291; B. S. Colter, 
et al.. Blood (1986) 68, 783-786.) 

Other proteins such as libronedin contain the Arg-Gly-Asp sequence of amino adds. Large polypeptide 
fragments of fibronedin have been shown to have adivity for cell atladmient to various surfaces wWdi has been 
disdosed in U.S.Patents4,517.686:4.589.881;and 4,661,111. Tiiese large polypeptklesa^^^ 
sequence Aig-Gly-Asp-Ser in the interior portion of the polypeptkle djain. Short peptides derived from the 
large polypeptides were also found to pronole cell attadment to various substrates when bound on the 
substrate. AHemaHvely, the same short peptides were found to inhibit cey attadiment to the same substrates 
when dissdved or suspended In the medum sunounding the substrate. This adivity has been disdosed in U.S. 
Patents 4.578.079. 4.614.517 and 4.792.525. The short pepikles were defined as 
35 Q-Arg-Gly-Asp-AAI-B 

wherBQIshydrogenoranaminoadd:AAlisserine.threonine.orcysteine:andBishydroxyoranarn^ Ho 
discussion of cydizing these short peptkies is presented. 

A number of synthetks peptides, induding cydfc distdfides. have been dsdosed as inhibitors of 
fibrinogen binding to platelets all of whfch contain the Arg^ly-Asp sequence. See U.S. Patent 4,683,291 ; 
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WO89/05150; EPO 0 319 506 A2; EPO 0 341 915 A2; Plow et al., Proc. Nat Acad. Sd. USA (1985) 82, 8057- 
8061; Ruggeri et al., Proc, Abtt Acad Sd. USA (1986) 83. 5708-5712; HaversHck et a!., B/oorf(1985) 66, 946- 
952; Plow et al., S/ood{1987) 70, 110-115; F. El F. All. et a!.. Proc. Eleyenlh Amer: Peptide Symp. (1990) 94-96; 
M. Pierscttecherand E. Ruoslahfi, J. BioL Chem. (1987) 262. 17294-17298; and references cited in the above 
5 put)lications. 

Several syntheta'c cycGc peptides containing tlie thioelher linkage have been synthesized. Gem et al.. 

Biochem, Biophys. Res, Comm. (1984) 120. 840-845 describe a pseudohexapeptkJe analog of somatostatin where 

the group ICH2-S] is substituted for a peptide bond. Similarly, Edwards et al,. Biochem. Biophys. Res. Comm. 

(1986) 136. 730-736 compare the btologicai activity of linear and cyclic enkephalin pseudopeptide anatogs 
10 containing the thiomethylene ether Gnkage. Other enkephalin related pseudopeptides and macrocydes containing 

the [CH2-S] subsBtutton for peptkJes have been described, Spatola et al., B/opo/ymers (1986) 25, 229-244 and 

Spatola et al., Tetrahedron (1988) 44, 821-833. 

None of these references disclose a small cycic peptide containing a stable ring structure having high . 

platelet aggregation inhiUtton activity. 
15 Accordingly, it is an otsject of this invenlkMi to produce a small cyclic peptide having high platelet 

ajsregation inhibition activity. It is a further object to produce such small cyclic peptides that are stable to ring 

opening. It is still a further ot^eci of this inventfon to provkie a platelet aggregation hhtbitor having a fong in vivo 

lifetime. 

These and other ol^ects of this inventton wiH be aR)aient from conskleratksn of the ffwentton as a whole. 
20 Summaryofthelnveition 

The ot)jects of this invention are accomplished by provkling a small cyclk: pepticte containing the 
tripeptide sequence Arg-Gly-Asp and containing a thfoether, sulfoxide or sklechatn amide bond within the cyde. 
Preferably, the cyclic peptide has about 5 am&io acids forming the ring of the cyde. More preferably, the ring of 
the cyclic peptide contains from about 17 to about 18 atoms, most preferably 18 atoms. 
25 Also preferably, the ring wiQ contain a D amino add most preferably linked to the Arg of the tripeptkle 

sec^jence. 

The prefenred and most prefenBd compounds of the instant invention are represented by Fonnutae I 
and la below. 

The invention In its broad aspects relates to peptkie derivatives whx:h are useful as inhitMtors platelet 
30 functton mediated by the GP llbllla receptor and for the prevention of thrombus fonnation. Preferred compowKls 
of this inventton are represented by Fonnida I: 
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Fbrmtial 

5 whereki 

Rl and R9 are the same or different and are selected from 
hydroxy, 
Ci-Cs alkoxy, 
C3-Ci2aBcenoxy, 
10 C6-Ci2aryloxy, 

di-Ci-Cs alkylamino-Ci-Cs-alkoxy, 

acyiamino^Ji-Ca-alkoxy selected from the group acetylaminoethoxy, nicofinoylamlnoethoxy, and 

suocinamidoethQxy, 
pivaloyloxyethoxy, 

15 C6-C12 aryl-Ci-Ca-aikoxy where the aryl group is unsubstituted or substituted with one or more of 

the groups nitro. halo (F, CI. Br, I), Ci-C4-aikoxy, and amho. 
hydroxy-C2-CB-altoxy, 
dihydroxy-Ca-Cs-alkoxy. and 

NR10R1 1 wherein Rio and Ri 1 are the same or different and are hydrogen, Ci-Cs-allcyl, Ca-Cs-alkenyl. 
20 C6-Ci2-aryl where the aryl group is unsubsfituted or substituted with one or more of the 

groiqDS 

rttro. hak) (F, CI. Br, I). Ci-C4-alkoxy. and amino, C6-Ci2-aryl-Ci-C8-aIkyl where 
the aiyf group is unsubstituted or substituted by one or more of the groups nitro. 
hak) (F, CI, Br, I), Ci-C^-alkoxy, and amino; 
25 R2, R3, R5, Rfr R7. Rs are the same or different and are selected from 
hydrogen. 
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C6-Ci2 aryt where the aryl group is unsubstituted or substituted by one or more of the groups nitro. 

hydroxy, halo {F, Q, Br. I). Ci-Cs ailc/l. halo-Ci-Cs alkyl, Ci-Cs-alkoxy, amino, phenyloxy. 

phenyl, acetamido, benzamido, dJ^i-Cs alkylamlno. Ci-Cs alkylamino. C6-C12 aroyl. Ci-Cs 

alkanoyi, and hydroxy-Ci-Cs alkyl. 
C1-C12 alkyi either substituted or unsubstituted, branched or straight chain where the substituents 

are selected from halo (F, CI, Br. i), 

Ci-Csalkoxy, 

Ce-Ci 2 aryloxy where the aryl group is unsubstituted or substituted by one or more of the 
groups nitro. hydroxy, halo (F. Q, Br. I), Ci-Ca alkyl. Ci-Cs-alkoxy. amino, 
phenyloxy, acetamido. benzamkto. di-Ci-Cs alkylamino. Ci-Ca alkylamino. 
C6-C12 aroyi, and Ci-Ce afkanoyl. 

isothioureido, 

C3-C7 cydoalkyl. 

ureido. 

amino, 

Ci-Cg alkylamino, 
di-Ci-Cs alkylamino. 
hycfroxy, 

amino-C2-C8 aDcylthk). 

amino-C2-C8alkoxy. 

acetamkio, 

benzamkto wherein the phenyl ring Is unsiAjstituted or substituted by one or more of the 
groups nitro. hydroxy, halo (F, CI. Br. I), Ci-Cs alkyl, Ci-Cs-alkoxy, amino, 
phenytoxy, acetamkio, benzamkto. di-Ci-Ca alkylamino, Ci-Ca alkylamino. C6-C12 
aroyl, and Ci-Cs aH^yl. 

C6-C12 arylamino whereh the aryl group is imsubstituted or substituted by one or more of 
the groups nitro, hydroxy, hato. Ci-Cg alkyl. Ci -Cs^Ikoxy, amino, phenytoxy. 
acetamkto. benzamido. di-Ci-Cs alkylamino. Ci-Cs alkylamino. C6-C12 anoyl. and 
Ci-Cgaikanoyl, 

guankfino, 

phthafimkto. 

mercapto, 

Ci-Cs alkyltttio. 

C6-Ci2aryllhio, 

carboxy. 

carfooxamkle. 

carbo-Ci-Caalkoxy, 

C6-C12 aryl wherein the aryl group Is unsubstituted or substituted by one or more of the 

groups nitro, hydroxy, hato. Ci-Cs alkyl, Ci-Cs-alkoxy. amino, phenytoxy. acetamido, 
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benzamido, cfi-Ci-Cs alkylamino, Ci-Cg alkytemino, hydroxy-Ci-Ce alkyl, C6-Ci2 
aroyi, and Ci-Cs alkanoyi, and 
aromatic heterocycte where&i the heterocydic groups have 5-10 ring atoms and contain up to 
two 0, N, or S heteroatoms; 

5 R2 and R3, R5 and Re, or R7 and Ra may opfiona«y and independently be joined together to fomi a cart)ocyclic or 
heterocyclic ring of from four to seven atoms where the heteroatoms are selected from 0. S or NRi 2 
where R12 is selected from 

hydrogen. Ci-Cs-alkyt. Ca-CB-alkenyl, C6-Ci2-aryl. C6-Ci2-aryl-Ci-C8-allcyl, Ci-Ca 
alkanoyi, and C6-Ci2aroyl; 
10 R4 is selected from 

hydrogen, 
Ci-CaalkyI, . 
C3-Ciocyctoalkyl, 
C6-Cl2aryl,and 
15 C6-Ci2aryl-Ci-C8-aIkyl; 

R2 or R3 may be optionally joined with R4 to forni a piperidine, pyrrolidine or thiazolkline ring; 
Ruis selected from 

hycfrogen, Ci-Cs-alkyI, Cs-Ca-alkenyl. C6-Ci2-aryl, and Ce-Cia aryi-Ci-Ca-alkyl; 
X Is selected from 
20 ffliOorSatom, 

an S atom l)earing one or two 0 atoms, 

NRis wherein R13 is hydrogen. Ci-Ca-alkyl, Cs-Ca-alkenyl. C6-Ci2-aryi, C6-Ci2-aryI-Ci-C8-aikyl. 

CfCa alkanoyi, and Ce-Ci2 aroyi, and 
C6-Ci2aryl, 
25 Ci-Ca alkanoyi, 

(CH2)k where k is an integer frOTi 0 to 5; 
n is an integer from 1 to 6; 
m Is an integer from 0 to 4; and 
phannaceutically acceptable salts thereof. 
30 As used herein and unless specified othenwise: alkyl. alkenyl and all^yl denote straight and branched 

fVdrocarbon chahs hawng single, double and triple bonds, respectively; C6-C12 aryl groups denote unsubstituled 
aromatic ring or fused rings such as. for example, phenyl or naphthyl; hetero denotes the heteroatoms 0. N, or S; 
aromatfc heterocyclic groups have 5-10 rrig atoms and contsdn up to four heteroatoms; hatagen or hato denote F. a 
Br, or I atoms; alkoxy denotes an alkyl group attached to 0, 
35 Examples of Ci-Ca alkyl or C2-C8 alkenyl groups include methyl, ethyl, propyl, isopropyl. butyl, t-butyl, 

pentyl. isopentyl, hexyl, vinyl, allyl, butenyl and the like; examples of Ca-Cio-cydoalkyl groups include cydopropyl. 
cydopentyl, cycbhexyi, and the Ske; aromafic heterocycBc groups include but are not limited to pyridyl. thienyl, 
furyl, indolyi. benzthlenyl, imkiazolyl. tKazolyl, quinobiyl and isoquinoianyl. 
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5 Fbrniulala 
wherein 

Rl and Rg are the same or different and are hydroxy, NH2i Ci *C4 alkoxy or benzyloxy; 
R2 is hydrogen 
R3 is selected from 
10 hydrogen, 

Ci-Ce alkyi branched or unbranched, unsubsb'tuted or substituted with substituents selected from 
amino, hydroxy, mercapto, methylthio, carboxy, carboxamide, guanidno, phenyl, 4- 
hydroxyphenyi, 4-methoxyphenyi, S-indolyl, and 4-imidazolyl, 
phenyl either unsubstituted or substituted with one to three substituents that may be independently 
15 nitfo. hydroxy, halo (F, a, Br, I), C1-C4 alkyl. Ci-C4-alkoxy, amino, phenyloxy, phenyl, 

acetamido, benzamido, di-Ci-C4 aBcylamino, C1-C4 alkylamino, halo-CiA alley!, C6-C12 
aroyi, and Ci 04 alkanoyi, 

1- naphthyl, 

2- naphthyl, 
20 2-thienyl, 

2- pyridyl, 

3- pyridyl, and 

4- pyridyl; 

R5 and Re are independently selected from 
25 hydrogen, 
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Ci-Ce alkyl. either branched or unbranched. unsubstituted or substituted with substituents selected 

from amro. hydroxy, mercapto. carboxy, carboxamide, guanidino. phenyl or 4-hydroxyphenyl, 

4-meth6xyphenyl, 3-indolyl, and 4Hmidazolyl, 
phenyl, either unsubslitulBd or substituted wth one to three substituents that may be independently 
5 selected from nilro, hydroxy, halo (F, CI, Br. I). C1-C4 alkyl. Ci-C4-alkoxy. amino, phenyloxy. 

phenyl, acelamido. benzamido. dl-Ci-C4 alkyiamino. C1-C4 alkyiamino, hab-Ci-C4 alkyl, Ce- 

C12 aroyi, and C1-C4 alkanoyl. 

1- naphthyl, 

2- naphthyl, 
10 2-thienyl, 

2- pyridyi. 

3- pyridyl, and 

4- pyridyl; 

R7 or Rff are the same or different and are selected from 
15 hydrogen, 
C1-C4 alkyl. 

phenyl either unsubsBtuted or substituted with from one to three substituents independently selected 
from hydroxy, halo (F, CI, Br. I), C1-C4 alkyl. and Ci-C4-aIkoxy; 
R4 is hydrogen or may be joined with R3 to fomn a hetenxycSc ring selected from piperidine, pynolidine or 
20 thiazolidine; 
Rl4 is hydrogen or methyl; 
Xls selected from 

anOorSatom. 

an S atom bearfrig one or two 0 atoms, 
25 NR13 where Ri3 is selected from hydrogen. Ci^4 alkyl, benzyl, phenyl, C1-C4 alkanoyl, 

benzoyl^ 
(CH2)|(,wherekis0tD5; 
nis3or4; 
mis1;and 

30 phannaceutlcalfy acceptable salts thereof. 

The present inventton includes a method of makhg the compounds of Formulae I and la. 

The present invention also includes a method for reducing platelet ^negation in a mammal. This method 
involves administenng a therapeutfcaHy effective amount of the compounds of the present inventton atone or in 
cortJbination with a pharmacdo^caMy acceptable carrier. This general method may also be applied to freat a 
35 mammal havhg an jncreased propensity for thrombus Ibnnation. 

Addittonaay, the present inventton is directed to compositions of matter for reducing platelet 
aggregatton in a mammal; treating a mammal having an increased propensity fc>r thrombus Ibnnation; or inhibiting 
binding of algandloGP IWIIainamammal; wherein eac^ 
or more of the cydtoperMes defined in Formula I. 
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DMBiled DescrffHian ofthe Invemion 
The pnxftjcts of Formula I and the preferred subs&tuents can be made by using one (tf the methods 
depicted below or by other methods known in the art (see e.g., Spatola et al.. Teirahec^n (1968) 44, 821-833, 
and references cited therein). The definilions of the substituent groups are the same as for Fomiula I except 
5 where noted. 

Method A 

NHR.5 

NH^NH COR, 

(CHj)!! O (CH2)m 

^NH JL X ^NH ^OO-Poiymer Support ?\ 

° >-NHR, R, Rs^ Re 

Rs « 



NHR 



15 



NH'' NH COR9 

I I 

(CH2)n O (CH2)m 



I il O ll 1. Cleave R16 




° II O .,xV-Re 




\ 1 w RieX' 2. Cyclize 



10 IV 
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NHR. 



10 




'15 



NH 



COR. 



>9 




(CH2)n O (CH2)m 



NH ^co-Polymer Suwx)rt 



1. Cleave from resin 



>8 



2. Cleave R15 



V 



A peptide derivative bound to a polper support, depicted by intermediate II, may be prepared by 
sequential coupling of individual amino add derivatives by standard techniques. (Merrilield, R. B.. J. Am. Chem. 
Soc. (1963) 85, 2149-2154; Stewart, J. M. and Young. J. D.. Solid Phase Peptide Synthesis (1984). Rerce 
Oiemical Co., Rockford. IL and addifional references cited in the above publicatons). Wtien ttie tetrapeptide 
deiivativB li is obtained, ttie terminal amino group is acyiated wilfi a suitable carboxyfc add derivative III. Tlie 
acylation to yield IV may be accomplished using a number of standard methods wKdi require activation of the 
caiboxyfic add group of III. For example, acfivaiion may be obtained by the addition of an equimolar amount of 
dicydohexykarbodiimide or related carbodiimide reagent If desired an additive sudi as 1 -hydroxybenztriazole or 
N-hydroxysucdnimlde may be Incorporated. Alternatively, the carboxyl group may be activated by conversion to a 
halo derivative. Fa example, the diloride may be obtained by treatment of the add with thionyl chloride or oxalyl 
diloride in a compatible solvent sudi as didiloromethane, toluene, or ethylene didiloride if desired. The subsBtuent 
W is chosen such that it is readily displaceable by the group X. Sdtable subslituents W are. lor example, halo 
atoms sudi as bromine or iodine a activated oxygen fundions sudi as methanesulfonyloxy or p*luensuHbnyloxy 
and related sulibnic add esters. 

Cydizalion to the resin bound intemiecfiate V may be accomplished by selectively exposing the 
nudeophiEc group X by removal of Rig and allowing X to read sudi that it displaces group W with formation of a 
new chemical bond. Fbrexample.lfXisasulfuroroxygenatomandRielsatt^jhenylmeftyl group, then Ribto^ 
be selectively deaved ftom X using a very dilute solution of a strong add sud> as trifluoroacelic add in a solvent 
compatible with the polymer resin. Examples of resin compatible solvertfs are dimethyiacetamide. 
dimethylfbrmamide or (fichioromethane and the like. 

The end resdt of the deavage process is replacement of the Rie group viilth a hydrogen atom. After 
deavage of Rie, the resin bound peptide derivative V (Rie = H) is allowed to react in a suitable solvent such as 
dimethyiacetamide until cydizalion is complete. If desired, a base sudi as N-methylmorpholine may be incorporated 
Into the reaction. Other protecting gn\jps in the peptide motecule IV must be stable to the reaction conditions 
chosen to form V. Forexample, Rg may be a group viWdi affords an ester sudi as methoxy.ettioxy, ben^xy.t- 
bulyloxy and the Dee or an amide or siAsHtuted amide. R15 may be an arylsulfonyl group such as 2.2,5,7.8- 
pentamethytehroman-e^jifonyl (PMC) or p-tolvenesulfonyl. Final deavage of the cytiized peptide product from 
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the polymer resin nmy be accompBshed in a varo 

Ihkage between the cydized peptide and the resin. If. for example, the resin is derived from a polymerized p- 
alkoxybenzyi alcohol derivative, then cleavage of the peftf de^sin IMcage may be carried out using a strong add 
such as trifluoroacetic add. If desired, addifives such as phenol, anisole and ethanedthiol may be added to the 



The groups Rg and R15 may be chosen, if desired, to also be deavaUe concumently with deavage of the 
cydized peptide from the polymer resin. Examples of such chemical groups are Rg • t-butyloxy. deavage of which 
yields R9 « OH and R15 ^ 2,2A7,8-pentamethyIchroman-6^ll6nyl, deavage of which affords R15 « H. The 
crude product thus obtained may be further purified using chromatographic or other methods of chemical 
10 purification to obtain I. 

Further derivatization of I may be carried out if desired. For example, if X is S, treatment of I with a 
stoichiometric amount of an oxidizing agent such as 3-chloroperoxybenzoic add or similar agent wifi produce the 
sulfoxide derivative where X is SO. Use of an excess amount of oxidant will afford the sulfone derivative where X 
isS02. 



5 reaction. 



15 



Method B 



NHR- 



'15 




COR9 




(CH2)n O (CH2)m 



.GO-Polymer Support 



Cleavage from resin 



^8 



IV 




NHR15 



CORo 




(CH2)n O (CH2)m 



Cyclize 



VI 
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Attematiwely. the linear peptide derivative IV, prepared as described above in Method A. may be deaved 
ftom the resin prior to cydlzation to yield VI. For example, if IV is synthesized on a polystyrene resin the cleavage 
can be accomplished using Sc^d hydrogen ilouride. Tlie groups Rg. R15 and Rie may. if desired, be cleaved 
concurrenlly under these conditions. If concurrent cleavage is desired, then examples of suitable substituents Rg 
5 are t-botyloxy, benzyioxy or cydohexyloxy, R15 is p-toluenesulfbnyl or 2A5.73-penlamethylchrDman-6^ulfonyl 
and R16 Is triphenylmethyl or pnnethylbenzyl if X is either 0 or S, or l-butoxycarbonyl if X is NR13. Cleavage of 
these groups would resultin R9 being OH and Risand Rie being hydrogen. Tlie peptide derivative VI may then 
becyclizedlnsolutionirjtheprBsenceofawakbasesuchasammoniumhydroxide. Tlie group Wis as described In 
Method A. The resuitmg crude I may then be purified as described above in Method A. 
10 Tl» purified I may be further transformed as described in Method A. Additionally and if desired, when 

Xis NR13 and R13 is hydrogen, I may be acylated with, for example, acetyl chtoride. acetic anhydride or benzoyl 
chforide. mettianesulfbnyl chloride or p-toluenestdfonyl chloride and the ike. 
MethodC 

■ Intemiediate VI may be prepared by the sequential coupling of amino acid derivatives &i solution without 
15 the use of polymer resin or other solid supports. The methods usey for solution phase peptide synthesis are well 
documented in the chemieal literature and are known to those skilled in the art (Houben-Weyl, Methoden der 
Organischen Chemie. 4lh Edn.. VoL 15. Georg TWeme Veriag. Sluttgart 1974). The attached substituents Ri. 
R9. Ri5 and R16 may he chosen such that tfiey are tran^jraiable concurrently or sequenSally as described m 
Methods A and B above. Cydlzation of of VI wherein Rie is H under condifions described above In Method B will 
20 provkie compouids of Fonnula I. 

The starting materials required for the processes described herein are known in the literature or can be 
prepared using known methods and known starting materials, 
isomeric Products 

in products of Fomiula I carbon atoms bonded to four nonldentical substituents are asymmetric. 

25 Accordingly, the compomds may exist as diastereoisomers, enantiomets or mixtures thereof. The syntheses 
described above may employ racemates, enantfomers or (fiastereomers as starting materials or intermediates. 
Diastereomeric products resulting from such syntheses may be separated by diromatograpWc or crystallizalton 
methods. Ukewise. enantkjmeric product mixtures may be separated using the same techniques or by other 
methods known in the art Eadi of the asymmetric carbon atoms, when present in compouids of Formula I. may be in 

30 one of two configurafions (R or S) and both are within the scope of the present Inventfon. The carbon atoms 
bearing the (CH2)n sidechain and the {CHzh sidechain are generally prefenred to have the S configuratfon. The 
carbon atom bearing the substituents R2 and R3 is generally prefeaed to have a configuration conesponding to 
that of a D amino add. The configuratfon may be assigned R or S depending on the diemkial compositfon of R2 and 
R3. 

35 The compoinls described in Ms invention maybe isolated as the ftee add or base or converted to salts 

ofvariousinoiganfcandorganicaddsand bases. Sudi salts are within the scope of this inventfon. Examplesof 
sudi salts indude ammoniuii, metal s^ Ike so(fum, potassiun. cakAm and m^nea'u^^ 
She dcydohexylamine, N^nefllyH>fllucamine and the Be; and salts with amino adds like argirine or lysine. Salts 
with inoiganfc and organic adds may be Hkewise prepared, for example, using hydrodiloric, hydrobromic, sulfuric, 
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phosphoric, trifluoroacelic, methanesulfonic. malic, maleic. fumaric and the 8ke. Non-toxic and physiologically 
compatasle salts are particutarly useful although other less desirable salts may have use in the processes of 
isolation and purification. 

A number of methods are i^ful for the preparation of the saSs described above and are loiown to those 
5 sWBedinlhean For example, reaction of the free add or free base form of a compound of 
more molar equivalents of the desired add or base in a solvert or solvemmbc^ 
a sclent like water after whidi the solvent is removed by evaporation, cfisffllation or freeze drying. Altematiwiy. 
the free add or base form of the product may be passed over an ion exchange red^ 
salt form of the product may be converted to another us^ the same general process. 

10 The compounds described in the present invention inhibit the binding of fibrinogen to its receptor on 

platelets, GP llbllia, and thus prevent the aggregation of platelets and the formation of platelet plugs, emboli and 
thrombil In the drculatory system in mammals. Thromboemboic disorders have been shown to be directly relaled 
to the susceptibility of blood platelets to aggregate. Mammals exposed to medical procedures such as angtoptasty 
and thrombolytic therapy are particularly susceptible to thrombus formation. The compounds of the present 

15 inventton can be used to inhibit thrombus formation following angioplasty. They may also be used in combination 
with thrombolytic agents such as tissue plasminogen activator and its derivatives (US patents 4,752,603; 
4,766.075; 4,777,043; EP 199.574; EP 0238,304; EP 228,862; EP 297,860; PCT WO89/04368; PCT 
V\/O89A)0197), streptokinase and its derivatives, or urokinase and its derivatives to prevent arterial reocduston 
following thrombolytic therapy. When used in combination with the above thrombdytic agents, the compounds of 

20 the present invention may be administered prior to. simuttaneousiy with, or subsequent to the antittvombolyBc 
agent Mammals exposed to renal (felysis, btood oxygenation, cartf^ 

procedures as well as mammals fitted with certain prosthetic devices are also susceptible to thromboembolic 
disorders. Physidogfc conditions, witti a without known cause may also lead to thro^ Thus, 
the compounds described herein are useful in treating ttiromboembolic disorders in mammals. The compounds 
25 descn*bed herein may also be used as adjuncts to anticoagulant ttierapy, for example in combination with aspirin, 
heparin or warfarin and other anticoagulant agents. The applk:ation of the compounds described herein for these 
and related disorders will be apparent to those skilled In ttie art. 
Platelet MibHton Assays 

The evaluation of InNbrtors of the fibrinogen-platelet interaction Is guided by in vitro receptor bintfing 
30 assays and in (^platelet aggregation inhibition assays. 

In^'tro biofogical activity of the compounds of Formida I was monitored using a modified fibrinogen-GP 
llbllia ELISA based on the mettxxJ of Nachman and Leuig (J. CSn. Invest (1982) 69, 263-269) which measures ti^ 
inhibition of fibrinogen birwfir^ to purified himian platelet GP llbllia receptor. Human fibrinogen was prepared by 
ttie mettxxi of Upinska. et al. (J. Lab. CBn. Med, (1974) 84, 509-516). Platelet GP llbltia was prepared by the 
35 mettiod of Htzgerald, et al. (Anal. Biochem, (1985) 151. 169-177. 

Microtiter plates are coated wih fibrinogen (10 ^ml) and then bbdced witti TACTS bufter 
oonteirv'ng 0£% bovine senjm albunin (BSA). (TACTS buffer contains 20mM Tris.HCI, pH 7.5, 0.02% sodium 
azide. 2 mM cakdum chtoride, 0J)5% Tween 20, ISO mM sodum chforide.) The pl^ 
buffered saGne (PBS) containing 0.01% Tween 20 and the sample to be detennined added, foifowed by addition 
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Of solubilized GP llbllla receptor (40 tigAnl) in TACTS. 0.5% BSA. After incubation, the plate is washed and 1 
ng/mi of murine anfi-platelet monoclonal antilxKiy AP3 (P, J. Newman et al. Blood (1985) 65, 227-232) is added. 
After another wash a goat anti-mouse IgG corrugated to horseradish peroxidase is added A final wash is 
performed and developing reagent buffer (1 0 mg o-phenylenediamlne dihydrocWoride, 0.021 2% hydrogen 
5 peroxide, 0.22 mM citrate, 50 mM phosphate, pH 5.0) is added and then incubated until color develops. The 
reaction is stopped with 1 N sdfwic acid and the absorbance at 492 nm is recorded. 

In addition to the GP Ibllla ELISA assay, platelet aggregation assays may be performed in human 
platelet rich plasma (PRP). Rf^ milliliters of whole human blood {9 parts) is drawn on 3.6% sodium citrate (1 
part) from a donor who has not taken aspmn or related medications for at least two weeks. The Wood is 

10 centrifuged at 160 x g for 10 min at 22^ C and then allowed to stand for 5 min after which the PRP is decanted. 
Platelet poor plasma (PPP) is isolated from the remaaiing blood after centrifugation at 2000 x g for 25 min. The 
platelet count of the PRP was adjusted to ca. 300,000 per microliter with PPP. 

A 225 jiL aliquot of PRP plus 25 \il of either a dilution of the test sample or a control (PBS) is 
incubated for 5 m&i in a Chrono^og Whole Blood Aggregometer al 25' C. An agyegating agent (collagen, 1 

15 mgftnl; U46619, 100 ng/mi; or ADP, 8 ^M) is added and the platelet aggregatfon recorded. 

In the management of thromboembofic disorders the compounds of this hvenifon may be utilized In 
compositfons such as tablets, capsules or elixers for oral admirtistratfon; suppositories for rectal adminislralfon; 
sterile sohitkwis or suspensfons for ii^ectaWe adm Wslration. and the ike. Animals in need of treatment using 
compounds of this invention can be adm Wstered dosages that wiB provide optimal efffcacy. The dose and method 

20 of admMslrafion wffl vary from animal to animal and be dependent upcm such factors as weight, diet, concurrent 
medicatkm and other factors wl^ those skaied in the mec^ 
Dosage Formuiaiions 

Dosage fonnulatfons of the cydic polypeptides of the present Inventton are prepared for storage or 
administration by mixing the the cycfic polypeptide having the desired degree of purity with physiologically 

25 acceptable caniers, exdpients. or stabilizers. Such materials are non-toxic to the redpients at the dosages and 
concentraBons emptoyed, and indude buffers such as phosphate, titrate, acetate and oflier organk; add salts; 
antioxklants such as ascorbic add; tow molecular weight (less than about ten residues) peptides such as 
potyar^n&ie, proteins, such as serum albumin, gelatin, or immiregtobullns; hydrophBk; polymers such as 
poiyvtfiylpyrrDSdTOne; amino adds such as glycine, glulamfc add, aspartic acil, or arginine; monosaccharides, 

30 disaccharides, and other carbohydrates hduding celkilose or its derivatives, glucose, marrose, or dextrins; 
chelating agents such as EDTA; sugar akX)hols such as mannitol or sobltol; counterions such as sodium and/or 
noniortic surfactants such as Tween, Pluronics or pdyethylenegtycol. 

Dosage fonnulations of the cyclic polypeptides of the present invention to be used for therapeutto 
administration must be sterile. Sterility is readily accomplished by filtration through sterile filtration membranes 

35 such as 02 mtorone membranes, Cydc polypeptide fomiuiatfons ordinarily will be stored in lyophilized form or as 
an aqueous solution. The pH of tiie cydic polypeptide preparations typlcaDy mil be between 3 and 1 1 , more 
preferably from 5 to 9 and most preferably from 7 to 8. It wll be understood that use of certain of the foregoing 
exdpients, carriers, or stabifizers wQI resdt In the fomiation of cydc polypeptUe salts. While the preferred 
route of administrafion is by hypodennic irjection needte, other methods of administration are also anfidpated 
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such as suppositDries, aerosols, oral dosage fonnulations and topical formulalions such as ointments, drops and 
dermal patches. 

Therapeutic cyclic polypeptide formulations generally are placed into a container having a sterile access 
port, for example, an intravenous solution tag or vial having a stopper pleroeabte t>y hypodermic ii^ction needle. 
5 Therapeutically eftecBve dosages may be determined bf either in vitro or in Wvo methods. One method 

of evaluating therapeutically effective dosages is iilustrated in Example 23 where the cydto polypeptide cyclo-S* 
acetyi-6ly-Arg-Gly-Asp-Cys-0H was detemiined to have a 50% inhibitory concentration (IC50) of 5 nM when 
inhibiting fibrinogen bindng to the GP Ibllla platelet receptor. Similariy, in a platelet aggregation assay in 
Example 24 using the same cyclic peptide, the IC50 was found to be 8.5 ^M. Based upon such /nvftro assay 

10 techniques, a therapeutically effective dosage range may be detemiined. For each particular cyclic polypeptide of 
the present invention, IncSviduai determinatior^ may be made to determine the of^al dosage required. The rar^ 
of therapeutically effective dosages wiO naturally be influenced by the route of administration. For ir)jection by 
hypodemiicneedfe it may be assumed the dosage is delivered into the bod/s fluids. For other routes of 
administration, the absorption efficiency must be individually determined for each cyclic polypeptide by methods 

15 well known h pharmacology. 

The range of therapeutic dosages Is from about 0.001 nM to 1.0 mM, more preferably from 0.1 nM to 1CX) 
^M, and most preferably from 1.0 nM to 50 ^M. 

Typical formulation of compounds of Fomiula I as phannaceutical comppsitfons are discussed below. 
About 0.5 to 500 mg of a compound or mixture of compounds of Formula I, as the free acid or base fonn 

20 or as a pharmaceuticaily acceptable salt, is compounded with a physiolot^y acceptable vehicfe, carrier, exdpfent. 
binder, presen^ative. stabilizer, flavor, eto., as cafled for by accepted phannaceutical practice. The amount of 
active indent in these compositions is such that a 8iM)le dosage in the range indicated is obtained. 

Typfoal acluvants which rnay be incorporated into tablets, ca^ 
acada, com starch or gelatin; an exdpient such as microcrystaUine ce^ 

25 or alglnic add: a lubricant such as magnesiim stearato; a sweeterting agent such as sucrose or lactose; a flavoring 
agent such as peppermint, wff)ter^n or cherry. When the dosage forni is a capsdie, in addition to the above 
materials it may also contain a liquid canier such as a fetty oil Other materials of various types may be used as 
coatings or as modifiers of the physical fonn of the dosage unit A syn^ or elixer may contain the active 
compound, a sweetener such as sucrose, preservatives M propyl paraben, a coloring agent and a flavoring agerft 

30 such as cheny. Sterife compositions for injection can be fomoulated according to conventional phannaceutical 
practice. For exampfe, dissolution or suspension of the active compound in a vehicfe^ 
occurring vegetabfe oO like sesame, peanut or cottonseed ofl or a synthetx; fatty vehide Eke ethyl oteate or the ike 
may be desired. Buffers, preservatives, antioxklants and the like can be torporated according to accepted 
phannaceutical pradfoe. 

35 EXAMPLES 

In the following Examples, common a-amino adds may be described by the standard three letter amino 
add code when referring to intenneclates and final products. By common a-^lno adds is meant those amino 
adds incorporated into proteins under mRNA (Erection. Standard abbreviations are listed in The Merck Index, 
10th Edition, pp Mi8c-2 - Misc-a. Unfess othenvise designated the common a^ino ackis have the natural or *L'- 
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configuration at the alpha carbon atom. If the code is preceded by a "D* this signifies the opposite enantiomer of 
the common a-amino adl Modilied or unusual o-amino adds such as norieudne (NIe) and ornithine (Om) are 
designated as described in U.S. Patent and TrademarlcOflioeOfiidal Gazette 11 UTIiilOG, May 15, 1990. If the 
product or intennediate name is preceded by "cydo" this shall be tal(en to mean that the peptide has been 
cydized, e.g. compounds of Fbmiida I or V. 

Bamplel 

BromoacetyKly-Arg-Gly-Asp-CysOH 

The title compound is prepared in protected form by standard soGd phase peptide synthesis on 2% 
cross-linked polys^ne resin (Memfield resin). Treatment of the resin bound intennediate with yquid hydrogen 
fluoride induces concomitant deavage of the proteding groups from the fiHe compound as well as cleavage of the 
peptide from the lesm. The cmde peptide is purified by reverse phase Hgjti perfomiance liquid diromatography 
(HPLC) using a 4.6 mm x 250 mm cdumn containing 10 micron, 300 Angstrom pore size C-18 paddr^. The elufion 
of the column is with an acetonlrile/D.l% aqueous trifluoroacetic add gradient going from 0% - 40% acetorSmie 
linearlyover 80 minutes. The title compound elutes at 14 minutes. FAB mass spectmrnrcalc. 627; obs. 628 
(M+1). 

Exanple2 

Cyclo-S-acetyl^ly-Arg-Gly*Asp-Cys-OH 



A 



NH' NH 



I I 

(CH2)3 O CH2 



XOoH 




The c»mpowKJ prepared in Example 1 is dissolved in deionized water (1 mg^ml) and the pH of the solution 
is adjusted to 7.0-8,5 with ammonium hydroxide. After stirring for 4 hr at ambient temperature the reaction 
solution is acidified to pH 3.0 - 3JS with trifluoroacetic add and then iyophillzed. The resulting crude product is 
purified by HPLC using the conditions described in Example 1 . The desired title compound elutes after 1 1 
minutes. FAB mass spectrum: calc. 546; obs. 547 (M+1). Amino acid analysis: carbo^^ 1.04; 
Gty. 2.12; Arg. 0.94. 1H NMR(300 MHz. D2O. pH 7): 4.75, m; 4.34.4, m; 4.15. d; 4.0. ab q; 3S. d; 3.4. ab q; 32. 
t; 2,95-3.15. m; 2.7, dq; 1.75-2.05, m; 1.55-1.7.m. 
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Examples 

(^do-S-acetyl-Gly-Arg^ly-Asp-Cys-OH 

Bromoacelyl-Gly-Arg(g-2,2.57,8-perrtamethylchroman-6-8ulfonyl)-Gly-Asp(^^ 
triphenylmethyl}0-(polymer resin) is prepared using standard solid phase peptide synthesis utilizing 
5 fiuorenylmethoxycartwnyl (FMOC) protecting group chemistry on a p-alkoxybenzyi alcohol resin. Repeated 
treatment of the resin boimd peptide with a 1% solution of trifluoroacetic acid in dichloromethane results in 
daavage of the S-triphenylmethyl group as evidenced by the bright yellow of the solution. Treatment is continued 
^ until cfissipation of the yeBow color (ca. 1 i L of the cleavage solution is required per gram of resin botmd peptUe*) 
After complete cleavage of the S-triphenylmethyl group, the resin bound peftfde is washed several times with a 
10 5% solution of N-methyhnorphoOne h N.N-dimelhylacelamide and then shalcen in pure N^^iimethylacetamide for 
12 hr to complete the cycBzatioa Treatment of the cycfized resin bound peptide vnth trifluoroacetic add 
containing (v/v) 1% phenol, 1% anisole and 1% ethanedithiol effects concomitant deavage of the remaining 
protective groups and deavage of the desired product from the resin. Purification of the crude product as 
described in Example 2 affords the title compound identical to that described above. 
15 Exampie4 

Syittiesis or Conpounds of Fotmuia VI 
Using the mettx)ds described in Exsnples land 2, the compounds The 
compoi^ are depicted byFbrmula VII whereinm»landn«3,Ri and Rg are OH, Ri 4 is hydrogen and X is S. 
Crude products are pirified using HPLC as described in Example 2. 
20 The following amino add derivatives may be used in place of Boc-Qy for coupOng to the alpha-amine 

group of Arg to obtain the substituents R2 and R3 shown in Table I. When Boc-Giydne is ^ 
botii hydrogen (H). 



Amino Add Cterivative 


R2 


R3 


Boc-L-Ala 


methyl 


H 


Boc-D-Ala 


H 


methyl 


Boc-L-Val 


2>propyi 


H 


Boc-D-Val 


H 


2-propyf 


Boc-D-Thr 


H 


1-hydroxy-l -ethyl 


Boc-L-Thr 


1-hydroxy-l-ethyl 


H 


Boc-D-Asn 


H 


cartx)xamkiomettiyl 


Boc-L-Asn 


carboxamidomethyl 


H 


Boc-D-Gin 


H 


2-carboxamidoethyt 


Boc-L-GIn 


2-carboxamido6thyl 


H 


Boc-D-(0-2-bromobenzytoxy- 


H 


4-hydroxybenzyl 


carbonyl)Tyr 






Boc-L-(0-2-bromobenzyloxy- 


4-hydroxybenzyl 


H 


carbonyl)Tyr 
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Boc-D-Phe 


H 


benzyl 


Boc-L-Phe 


benzyl 


H 


Boc-D-Leu 


H 


2-methyi-1 -propyl 


Boc-L-Leu 


2-methyl-1 -propyl 


H 


Boc-D-Met 


H 


2-methylthioethyl 


Boc-L-Met 


2-methyfthiomethyl 


H 


Boc-D-Nle 


H 


1 -butyl 


Boc-L-Nle 


1 -butyl 


H 


Boc-D-Ile 


H 


2-butyl 


Boc-L-lle 


2-butyl 


H 


Boc-D-AsfHP-O-cyclohexyi) 


H 


carboxymethyl 


Boc-L-AsfHP-O-cyclohexyl) 


carboxymethyl 


H 


Boc-D-Glu{y-0-cyclohexyl) 


H 


2-carboxyethyI 


Boc-L-Glu(Y-O-cycIohexyl) 


2-carboxyethyl 


H 


Boc-D-(0-benzyl)Ser 


H 


hydroxymethyl 


Boc-L-(0-benzyl)Ser 


hycfroxymethyl 


H 


Boc-D-(N'"'-ben2yioxymethyl)His 
Boc-MN'^'-benzyloxymethyllHis 


H 


4-imidazolylnnethyf 


4-imldazolylme!hyl 


H 


Boc-D-Trp 


H 


3-indolylmethyi 


Boc-L-Trp 


3-indolylmettiyl 


H 


Boc-D-(N^-2-chIorocarbobenzyl- 


H 


4-amino-1 -butyl 


oxy)Lys 






Boc-L-(N^-2-chlorocarbobenzyl- 


4-aniino-1 -butyl 


H 


oxy)Lys 






Boc-D-(N^-carboben2yoxy)Om 


H 


S-amino-l -propyl 


Boc-L-(N^-carboben2yoxy}Om 


3-amino-1 -propyl 


H 


Boc-D-{0-benzyl)Thr 


H 


1-hydoxy-1-ethyl 


Boc-L-(0-ben2yl)Thr 


1-hydoxy-1 -ethyl 


H 


Boc-L-Pro gives R2 + R4 « CH2CH2CH2 




Boc-D-Pro gives R3 + R4 = CH2CH2CH2 





The siMituted bromoacetic acids listed below may be used in place of bromoacetic add in Example 1 
5 and in combhation with the amino acid derivatives listed above to provide the compounds shown in Table 1 with 
variable si^tuents at R5, Re. When bromoacetic acid is used ffi combination with the amino add derivatives 
listed above R5 and Re are hydrogen (H). 

l-naphthyl-a-bromoacetic add 
10 2-naphthyi-a-bromoacetic acid 
phenyl-a-bromoacetic add 
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2*trifluromethy)phenyl-a-bromoacetic add 

3- triflurom8thylphenyi-a-bromoacetic acid 

4- trifluromethylphenyl-a-brDmoacetic acid 
4-blphenyl-a-bromoacetic acM 

5 2-bromopropionic add 
2-bFomobutyrlc add 
2-bromopentanoic add 

L-Perviicaiamlne may be substituted for L-cysteine in Example 1 to produce compounds in Table 1 where 
R7 and Rg are methyl. 

10 




VII 



15 



R2 

H 
H 

H 

H 



R3 



(4) 



TABLE I 

Selected compounds Of Rmla VI 



R4 



l-hydroxy- 
1 -ethyl 

H 



(4) 
H 

H 



1 -hydroxy- H 
1 -ethyl 



H.H 



H. 1- 
naphthyl 



R7 Rg 

H H 
H H 



(calc) (obs) 
586.2 587 16 
590.2 591.0 9 



H H 672,2 673.0 40 



H, phenyl H H 666.2 667.2 26 
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H H H 

H 4-hydroxy- H 

b nzyl 

H H H 

H H H 

H 2-propyl H 

H methyl H 

H carboxamido H 

methyl 

H H H 

H 4- H 

imidazolyl- 
methyl 

H 2-methyl- H 

1 -propyl 

H 4-hydroxy- H 

benzyl 

H H H 

H H H 

H 2-methyl- H 

thioethyl 

H hydroxy- H 

methyl 

H 3-indolyl- H 

methyl 

H carboxamido H 

ethyl 

H H H 

H H H 

H H H 
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H, 4- 
biphenyl 


H 


H 


698.4 


699.0 


50 


H,H 


H 


H 


652.2 


653.2 


20 


H, phenyl 


TT 

H 


H 


622.2 


623.1 


18 


H,H 


CH3 


CH3 


574.2 


574.9 


14 


H,H 


H 


H 


588.2 


588.9 


18 


H.H 


H 


H 


560.2 


560.9 


10 


H,H 


H 


H 


603.2 


604.1 


1 1 


H. 2-tri- 

fluoromethyl 

-phenyl 


H 


H 


690.3 


691.0 


38 


H,H 


H 


H 


626.2 


627.0 


8 


H.H 


H 


H 


602.3 


602.9 


23 


H, phenyl 


H 


H 


728.2 


729.0 


38 


H. 4- 
biphenyl 


H 


H 


698.4 


699.0 


52 


H. 1- 
naphthyl 


H 


H 


672.3 


673.0 


44 


H.H 


H 


H 


620.2 


621.0 


18 


H,H 


H 


H 


576.2 


577.0 


8 


H,H 


H 


H 


675.3 


676.1 


28 


H,H 


H 


H 


617,2 


617.9 


9 


H. 4-tri- 

fluoromethyl 

phenyl 


H 


H 


690,3 


691.0 


44 


H, 2- 
naphthyl 


H 


H 


672.2 


673.0 


39 


H, propyl 


H 


H 


588.2 


589.0 


24 
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H 


3-amino-l- 
propyl 


H 


H,H 


H 


H 


603.2 


603.9 


6 


H 


H 


H 


H, 3-tri- 

fluoromethyl 

phenyl 


H 


H . 


690.3 


691.0 


42 


H 


H 


H 


H, ethyl 


H 


H 


574.2 


575.0 


18 


H 


2-butyl 


H 


H,H 


H 


H 


602.3 


603.0 


22 


4- 

imidazolyl- 
mcthyl 


H 


H 


H,H 


H 


H 


626.2 


627.1 


14 


benzyl 


H 


H 


H,H 


H 


H 


636.2 


637.0 


25 


H 


1 -hydroxy- 
1-ethyl 


H 


H, phenyl 


H 


H 


666.2 


667.2 


28 


H 


4-hydroxy- 
benzyl 


H 


H.H 


CH3 


CH3 


680.2 


681.0 


21 


H 


4-amino*l- 
butyl 


H 


H.H 


H 


H 


617.3 


618.0 


8 


CH3 


H 


H 


H,H 


H 


H 


560.2 


561.0 


13 


(5) 


H 


(5) 




H 


H 


586.2 


587.0 


17 


H 


H 


H 


H. 2- 
naphthyl 


H 


H 


672.3 


673.0 


42 


1-hydroxy- 
1 -ethyl 


H 


H 


H,H 


H 


H 


590.2 


591.0 


12 


H 


H 


H 


H, phenyl 


H 


H 


622.2 


623.1 


16 


H 


2-carboxy- 
1-ethyl 


H 


H.H 


H 


H 


618.2 


619.0 


1 1 


1-butyl 


H 


H 


H,H 


H 


H 


602.2 




— 


2-propyl 


H 


H 


H,H 


H 


H 


588.2 


589.0 


19 


2-butyl 


H 


H 


H,H 


H 


H 


602.3 


602.8 


24 


4-hydroxy- 
benzyl 


H 


H 


liH 


H 


H 


652.2 


653.2 


23 


H 


H 


H 


H, ethyl 


H 


H 


574,2 


575.0 


16 


4-amino-l- 
butyl 


H 


H 




H 


H 


617.3 


618.0 


10 


H 


H 


H 


H. 1 -propyl 


H 


H 


588.2 


589.0 


22 


hydroxy- 


H 


H 


an 


H 


H 


576.2 


576.1 


10 



methyl 
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H 



H 



carboxy- 
methyl 



2- methyl- H 
thioethyl 

3- indolyl- H 
methyl 

3-amino-l- H 
propyl 

carboxamido H 
methyl 



benzyl 
H 



2-methyl- 
1 -propyl 

H 

H 



2-carbox- 
amidoethyl 



H 
H 



H 
H 

H 
H 



2-carboxy- 
ethyl 

carboxy- 
methyl 



H 



H H. 2.tri- H H 
fluoromethyl 
phenyl 

H H,H H H 

H H,H 

H H,H H H 

H H,H 
H H.H 

H H.H 

H H, 3-tri. 

fluoromethyl 
phenyl 

H H,H 



H H 

H H 

H H 

H H 



H H.CH3 H 

H H. H 
pentafluoro- 
phenyl 

H H.H H 



H H, 4-tri- H 
fluoromethyl 
phenyl 



H H,H 
H H.H 



690.3 691.0 36 

604.2 605.1 12 
H 620.2 620.8 20 

675.3 676.0 32 
H 603.2 604.2 5 

603,2 603.9 9 



H 
H 



H H 
H H 



636.2 637.0 28 

690.3 691.0 40 

602,3 602.8 24 

560.2 561.0 14 

712.3 712.9 36 



H 617.2 618.0 10 
H 690.3 691.0 42 



618.2 618.8 12 
604.2 604.8 10 



Notes 

(1) Calculated molecular weight of the pepSde. 

(2) Observed molecular weight for M+1. where M Is the molecular ion. detemiined by FAB mass spectrometry. 

(3) Observed chromatographic relerrfion time of the peptide in minutes determined using the conditions given in 
5 Examplel 

{4)R3 + R4«CH2CH2CH2. 

(5)R2 + R4«CH2CH2CH2. 
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EiamptoS 

M-(N4-Butoxycart>onyl(N0^uene8Ut^^ glycine 

N-t-Butoxycafix)nyl-N9-p-tolu6nesulfonylarginine (10 mmoles), benzotriazol-1- 
yloxylris((rffnethyiamTO)phosphonium hexafluorophosphate (BOP. 10 mmoles), ethyl glydnate hydrochloride (13 
5 mmoles) and N-methylmorphoIine (50 mmoies) are stirred in a mixture of dicMoromethane and N,N- 

dimethylacetamide (1:1, 50 ml) for 2 hr at room temperature. At the end of the reaction time the mixture is 
acidified with acetic add, concentrated in vacuo, and the residue taken up in ethyl acetate. The resulting solution is 
washed with 10% citric add (3 times), water (2 thies). saturated sodum Mcartwnate (3 times), water (2 times) 
and brine (2 times). The orgarfc sohjtion Is dried over magnesium sulbte, filtered, dried and concentrated to 
10 afford the crude ethyl ester of the title compound. Crystalline material can be obtained from ethyl acetate- 
hexane mixtures. 

The dipeptide ethyl ester (10 mmoles) is treated with 10.5 mmoles of sodium hydroxide in ethanol and 
water (4:1, 50 ml) for 1 hr. at room temperature. Water (100 ml) is added and the mixture concentrated to ca 50 
ml, acidified with dtric acid, and extracted with ethyl acetate. After drying the extract over magnesium sulfate, 
15 concentrafion affords the desired title compound. It may be recrystalllzed from ethyl acetate-hexane mixtures. 

Exampte6 

N-(N-t-butoxycart)onyl(beta<yclohexyl ester)aspartyl) cystdne (&4-n)ethylbenzyl) benzyl ester 




20 

N-t-Butoxycarbonyl(beta-cydohexyl ester)aspartic acid (10 mmole), BOP reagent (10 mmole), and N- 
methylmorphollne (15 mmole) are stirred in N,N-dimethylacetamlde (50 ml) at room temperature for 10 min. To 
the resulting solution is added a solution of cyste^(S-4-methylbenzyl) benzyl ester trifluoroacetate (10 mmole) 
and N-metiiylmorfrfioBne (15 mmole) in N,N-dimethylacetamide (15 ml). The resultir^g reaction mixture is stirred 
25 overnight at room temperature. The solvent is then removed in vacuo and the reaction residue worited up as 
described in Example 5 to afford the desired titte compound. 
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Bonpler 

NKNK^KM■^Butoxyeart)onyU^«1>-toltlenesul giyelnyi)aspartyl(betMyclohexyl 
esler})cysteine(&4-inelhylbenzyl) benzyl ester 



NH 



5 




N-(N-t-butoxycarbonyl{beta-cyclohexyl esler)aspartyl) cysteine (S-4-methylben2yl) benzyl ester 
from Example 6 (10 mmole) is treated with triHuoroacetic acid in dictiloromethane (1:1, 200 ml) for 40 min at 
room temperature and then concentrated. The resuftrng solid is washed with ether and dried. 

The above solid (10 mmole), BOP reagent (10 mmole), N-melhylmorpholine (40 mmole) and N-(N-t- 
Butoxycarbonyl(N9-p-toluenesu!fbnyl)aiginyl)glycine from Example 22 (10 mmole) are sfirred in N,N- 
dimethybcelamide (50 ml) for 4 hr. After the reaction the solution is concentrated and ttie residue taken up in 
ethyl acetate and worfted i?) as descrSjed in Example 5. The crude product thus obtained is crystallized from 
cMorofbrm-hexane. 

GonpteS 

N-(MKMKFHN-t-Butoxycarbonyl(0-benzyl).I)-threonyl)(Nfl-p-toluenesulfony^ 
glydnyi)aspaityi(betaKqfclohexyl ester ))cystelne(S44nethyibenzyl) benzyl ester 



NH 




20 

The t-butoxycarbonyl group is removed from N-(N-(N-(N+butoxycarbonyl(N9.p. 
toluenesulfonyl)arginyl) glycinyl)aspartyl(beta-cydohexyl ester))cysteine(S-4^^ethyibenzyl) benzyl ester using 
the procedue described in Example 7 to afford the trifluoroacetate salt of the tetrapeptide. 

The above salt is co^Hed with N-t-butoxycart)onyl(Oben^)-D-threonine using the procedure 
25 descr9)ed in Example 7. The desired title compound is isolated after workiq) as described above. 
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Example9 

Cycl(hS-acetyl-(D-Thr)-Arg-Giy-Asp-Cy8-0H 



NH. 



NH 




CO2H 




(CH2)3 O CH; 



.CO2H 



H 



O 



15 



20 



The l-butoxycarbonyl group is removed from N-(N-(N-(N-(N-l.Butoxycarbonyl(0-ben2yl)-D- 
threonyl)(N9-p.toluenesutfonyl)arginyl) glycinyl)aspartyl(beta-cyclohexyl ester))cysteine(S-4-methylbenzyl) 
benzyl ester using the procedure described In Examine 7 to afford the trifluoroacetate salt of the perrtapepHde. 

Bromoacetic acid (4 mmole) and tficydohexylcafbodiimide (2 mmole) are stirred together in 5 ml of 
cficWoromethane for 10 mln. The solution Is filtered and added to flie pentapeptide trifluoroacetate prepared 
above (1 mmole) and N-methylmorpholine (3 mmole) in N^^-dlmethylacetamide (5 ml). After stirring for 1 hr at 
room temperature the reaction is concentrated in vacuo arrf the residiw taken up in ethyl acetate and woriced up as 
described in Example 5. The residue isolated from the ethyl acetate solution is treated directly with a mixture of 
hydrogen fluoride, anisde and methylethyl sulfide (9055) at 0 C for 1 hr. After removal of the hydrogen fluoride 
the cmde material is dissolved in 10% acetic ackJ and lyophflized. The isolated povwter Is then dissolved In water at 
a concentratfon of 1 mg/ml and the pH adjusted to 7.3 with ammonium hydroxide. After stirring at ambient 
temperature for 4 hr the reaction solution is loaded onto a DEAE 52 cellulose column equflibrated in 5 mM 
ammonium acetate at pH 73. The desired title compound is eluted with 45 mM ammonium acetate at pH 7^. The 
fractions conteining the desired cydized peptide are desalted immecfiately by ackJificatfon to pH 4 with acetic 
add and chromatography over a C-1 8 reverse phase columa The loaded column is first washed with 0.1% aqueous 
trifluoroacetic add foltowed by linear gradient with 0.1% trifluoroacetic add in acetonitrile. The purified 
peptide, after lyophilization, is identical with the product described in Example 7. 



Using the methods described ffi Examples 5-9, the replacement amino adds shown below may be used in 
place of D-threonine in Exampte 8 and the rei^mem bromo a^^ 

bromoacetic add in Example 9 to produce the compounds fisted in TaWe 2. In this example, Riand R9 ar© OH, R14 



Example 10 

Method for Preparation of Other Conpo^ 
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Is hydrogen, and X is S. The faenzyi ester of S-(4-methyIben2yi)-Li>enniciilamine may be used in r^ce of the 
corresponding cysteine derivative ffi Example 5 to produce compounds in which R7 and Rs are methyl. 



Amino Add Derivative 



R2 



R3 



Boc-L-Ala 

Boc-D-Ala 

Boc-L-Val 

Boc-D-Val 

Boc-D-Thr 

Boc-L-Thr 

Boc-D-Asn 

Boc-L-Asn 

Boc-D-GIn 

Boc-L-Gln 

Boc-D-(0-2-bromobenzyloxy- 
cart)onyl)Tyr 

Boc-L-{0-2-bromobenzyioxy- 

carbonyl)Tyr 

Boc-D-Phe 

Boc-L-Phe 

Boc-D-Leu 

Boc-L-Leu 

Boc-D-Met 

Boc-L-Met 

Boc*D-Nle 

6oc-L-Nle 

Boc-D-!le 

Boc-L*l!e 

Boc-D-AspO-O-cyclohexyl) 

Boc-L-Asp(P-O^yclohexyl) 

Boc-D-Glu{Y-0^ycIohexyl) 

Boc-L-Glu(Y-O-cyclohexyi) 

Boc-D-(0-ben2yl)Ser 

Boc-L-(0-benzyl)Ser 

Boc-D-IN'^'-benzyloxymethyljHis 

Boc-L-(N*'"-ben27toxymethyl)Hls 

Boc-D-Trp 

Boc-L-Trp 



methyl 
H 

2-propyl 

H 

H 

1- hydroxy-1 -ethyl 
H 

carboxamidomethyl 
H 

2- carboxamidoethyl 
H 

4-hydroxybenzyl 
H 

benzyl 
H 

2-melhyI-l-propyl 
H 

2-methyltttioethyl 
H 

1 - butyl 
H 

2- butyl 
H 

carboxymethyl 
H 

2- carboxyethyl 
H 

hydroxymethyl 
H 

4-imidazolyimethyl 
H 

3- lndolyimethyl 



H 

methyl 
H 

2-propyl 

1- hydroxy-1 -ethyl 
H 

carboxamidomethyl 
H 

2- carboxamidoethyl 
H 

4-hydroxyben2yl 
H 

benzyl 
H 

2-methyl-l -propyl 
H 

2-methylthioethyl 
H 

1 - butyl 
H 

2- butyl 
H 

carboxymethyl 
H 

2-carboxyethyl 
H 

hydroxymethyl 
H 

4-imidazolylmethyl 
H 

Snndolylmethyl 
H 
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Boc-D-(N^-2-chlorocarbobenzyI 
oxy)Lys 

Boc-L-(N^-2-chlorocarbobenzyl- 
oxyjLys 

Boc-D-(N*-carboben2yoxy)Om 
BoC"L-(N"-carbobenzyoxy)Om 
Boc-D-{0-benzyl)Thr 
Boc-Gly 

Boc-L-Pro gives R2 + R4 « CH2CH2CH2 
Boc-D-Pro gives R3 + R4 « CH2CH2CH2 



27 



4-aniino-1*butyl 
H 

3-amino-1-propyl 
H 
H 



4-amino-1 -butyl 
H 

3-amlno-1 -propyl 
H 

1-hydoxy-l -ethyl 
H 



Repfacemerrt bromo acids 

5 

1- naphthyl-a-bromoacetic acid 

2- naphthyl-a-bromoacetic acid 
phenyl-a-bromoacetic add 
2-trifluromethylphenyl-a-bromoacetic add 

10 3-trifluromethylphenyl-a-bromoace!ic acid 

4-trifluromethyipbenyl-a-brcHnoacetic acid 

4-biphenyl-a-bromoacetlc add 

2-bromopropionic add 

2-bromobutyric add 
15 2-bromopentanoic add 

When bromoacetic add is used in combination with the amino add derivatives fisted above R5 and Re are hydrogen 

(H). 

Tabte2 

20 Other Selected Compounds of Fbmiuia VI 



R2 


R3 


R4 


R5.R6 


R? 


Rg 


(calc) 


MW2 
(obs) 




H 


(4) 


(4) 


H,H 


H 


H 


586.2 


587 


16 


H 


l-hydroxy- 
1-ethyI 


H 


H,H 


H 


H 


590.2 


591.0 


9 


H 


4-hydroxy- 
benzyl 


H 


H,H 


H 


H 


652.2 


653.2 


20 


H 


H 


H 


H,H 


CH3 


CH3 


574.2 


574.9 


14 


H 


2-propyl 


H 


HH 


H 


H 


588.2 


588.9 


18 


H 


methyl 


H 




H 


H 


560.2 


560.9 


10 
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H 


carboxamido 
methyl 


H 


H.H 


H 


H 


603.2 


604.1 


1 1 


H 


4- 

imidazolyl- 
methyl 


H 


H.H 


H 


H 


626.2 


627,0 


8 


H 


2-methyl- 
1 -propyl 


H 


HH 


H 


H 


602,3 


602.9 


23 


H 


2-methyl- 
thioethyl 


H 




H 


H 


620.2 


621.0 


1 ft 


H 


hydroxy- 
methyl 


H 


H,H 


H 


H 


576.2 


577.0 


8 


XT 

£1 


3-indolyl- 
methyl 


H 


H,H 


H 


H 


675.3 


676.1 


28 


H 


carboxamido 
ethyl 


H 


H,H 


H 


H 


617.2 


617.9 


9 


H 


H 


H 


H,H 


H 


H 


546.2 


547,0 


10 


H 


3-amino-l- 
propyl 


H 


H,H 


H 


H 


603.2 


603 9 


u 


TT 

H 


2-butyl 


H 


HH 


H 


H 


602.3 


603.0 


22 


4- 

imidazolyl- 
melhyl 


H 


H 


H,H 


H 


H 


626.2 


627.1 


14 


benzyl 


H 


H 


H.H 


H 


H 


636.2 


637.0 


25 


TT 
£1 


4-hydroxy- 
benzyl 


H 


H,H 


CH3 


CH3 


680.2 


681.0 


21 


H 


4-amiiio-l- 
butyl 


H 


H,H 


H 


H 


617.3 


618.0 


8 


CH3 


H 


H 


H,H 


H 


H 


560.2 


561.0 


13 


(5) 


H 


(5) 


H,H 


H 


H 


586.2 


587.0 


17 


l-nydroxy- 
1 -ethyl 


H 


H 


H,H 


H 


H 


590.2 


591.0 


12 


H 


2-carboxy- 
1 -ethyl 


H 


H.H 


H 


H 


618,2 


619 0 


1 1 

X 1 


1-butyl 


H 


H 


H,H 


H 


H 


602,2 






2-propyl 


H 


H 




H 


H 


588.2 


589.0 


19 


2-butyl 


H 


H 


H.H 


H 


H 


602.3 


602.8 


24 
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4-hydroxy- H H 
b nzyl 

4-amin -1- H H 
butyl 

hydroxy- H H 
methyl 

H carboxy* H 
methyl 

2- methyl- H H 
thioethyl 

3- indolyl- H H 
methyl 

3-amino-l- H H 
propyl 

carboxamido H H 
methyl 

benzyl H H 

2-methyl- H H 

1 - propyl 

2- carbox- H H 
amidoethyl 

2-carboxy- H H 
ethyl 

carboxy- H H 
methyl 

H 1 -hydroxy- H 
1 -ethyl 

H 1-hydroxy- H 
1 -ethyl 

H H H 

H H H 

H H H 

H H H 

H H H 

H H H 

H H H 
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H,H 


H 


H 


652.2 


653.2 


23 


H,H 


H 


H 


617.3 


618.0 


10 


H,H 


H 


H 


576.2 


576.1 


10 


H,H 


H 


H 


604.2 


605.1 


12 


HH 


H 


H 


620.2 


620.8 


20 


H,H 


H 


H 


675.3 


676.0 


32 


H,H 


H 


H 


603.2 


604.2 


5 


H,H 


H 


H 


603,2 


603.9 


9 


H,H 


H 


H 


636.2 


637.0 


28 


H.H 


H 


H 


602.3 


602.8 


24 


H.H 


H 


H 


617.2 


618.0 


10 


H.H 


H 


H 


618.2 


618.8 


12 


H.H 


H 


H 


604.2 


604.8 


10 


H, phenyl 


H 


H 


666.2 


667.2 


26(6) 


H, phenyl 


H 


H 


666.2 


667.2 


28(7) 


H, phenyl 
H« phenyl 


H 
H 


H 
H 


622,2 
622.2 


623.1 
623.1 


16(6) 
18(7) 


H. 4- 
biphenyl 
H. 4- 
biphenyl 


H 
H 


H 
H 


698.4 
698.4 


699.0 
699.0 


50(6) 
52(7) 


H, 1- 
naphthyl 
H, 1- 
naphthyl 


H 
H 


H 
H 


672.2 
672.2 


673.0 
673,0 


39(6) 
40(7) 


H, 2- 
naphthyl 


H 


H 


672.3 


673,0 


42(6) 
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H 


H 


H 


H, 2- 


n 


XT 
XI 




O73.0 


44(7) 








naphthyl 










H 


H 


H 


H ethvl 


TT 

XI 


11 
XI 




575.0 


16(6) 


H 


H 


H 


H, ethyl 




XJ 
XI 




575 .0 


18(7) 


H 


H 


H 


H, 1 -propyl 


H 


H 


588.2 


589.0 


22(6) 


H 


H 


H 


H, 1-DroDvl 

9 * IT Mr J 


H 


H 






24(7) 


H 


H 


H 


H. 2-tri- 


H 


H 


690.3 


691.0 


36(6) 








fluoromethyl 
















-nhenvl 












H 


H 


H 


H, 2-tri- 




XI 




1 .u 


38(7) 








f luorome th v! 
















nhenvl 












H 


H 


H 


H, 3-tri- 


H 


H 


690.3 


691.0 


40(6) 








iiuurumcLiiyi 










H 






nh ATI v1 












H 


JX 


11, J-ITI- 


TT 
Jl 


TT 
H 


690.3 


691.0 


42(7) 








xiuur uiudiiyi 




























H 


H 


H 


H, 4-tri- 


H 


H 


690.3 


691.0 


42(6) 








fiuoromethyl 
















phenyl 












H 


H 


H 


H, 4-ui- 


H 


H 


690.3 


691.0 










fluoromethyl 
















phenyl 












H 


H 


H 


H,CH3 


H 


H 


560.2 


561.0 


14 


H 


4-hydroxy- 


H 


H»phenyl 


H 


H 


728.2 


729.0 


38 



benzyl 
Notes 

(1) Calcutaied molecular weight of the peptide. 

(2) Observed moleafer weight for M+1. wfiere M is the moleater ion, based on FAB mass spectrometry. 

(3) Observed chromatographic retention time of the peptide in mhutes detemtined using the conditions given in 
5 Exampie2. 

(4) R3 + R4.CH2CH2CH2. 

(5) R2 + R4«CH2CH2CH2, 

(6) Isomer 1- first to elute from the chromatography column. 

(7) Isomer 2- second to elute from the chromatography column. 
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Cycla^cetyl<(0-Tyr)*Arg-Gly-Asp-Cys-OC2H5 




Using me procedures described in Examples 5-9 and replacing cysteine(S-4-mettTyibenzyl) benzyl ester 
trifluomacetate with the conresponcfing ethyl ester the title compound shown above is obtained. HPLC retention 
time: 30 min. Molecular weight (calc): 680^. Found (FAB): 681 .0 (M+1 ). 
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Example 12 

CycIo-S-acetyl-(D-Tyr)-Affl^ly.Asp{OC2H5).Cys-OH 




Using ihe procedures described in Examples 5-9 and repiadng N-t-butoxycarbonyl(beta-cyclohexyl 
ester)aspartic acid with tiie corresponding beia-ettiyl ester the GOe compound s»»wn above is obtained. HPLC 
iBtention time: 26 min. Molecular weigttt (calc): 680.2. Found (FAB): 681 2 (M+1). 
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&(amplel3 

Cyclo-S-acetyl-(D.Tyr)-Arfl-Gly-Asp(OC2H5hCys-OC2H5 




5 

Using the procedures described In Examples 5-9 and replacing cysteine(S-4-methyIbenzyl) benzyl ester 
trifluoroacetate with the corresponding ethyl ester and N-t-butoxycarbony!(beta-cyclohexyl ester)aspartic acid 
with the corresponding beta-ethyl ester the title compound shown above is obtained. HPLC retention time: 40 
min. Molecular weight (calc.): 709.2. Found (FAB): 710.1 (M+1). 
10 Exampiel4 

Preparation d cydic thioettier peptide esters 
Using the methods described in Examples 11-13 above, the following cydized peptide esters are 
analogously prepared. 

Cyclo-S-acetyl-Gly-Arg-Gly-Asp-Cys-OC2H5 
15 Cyclo-S-acetyl-Gly-Arg-Gly-Asp(OC2H5)-Cys-OH 

Cyclo-S-acetyl-Gly-Arg-Gly-Asp(OC2H5)-Cys-OC2H5 
Cyclo-S-acetyl-(D-Ala)-Arg-Gly-Asp-Cys-OC2H5 
Cyclo-S-acetyl-{D.AIa)-Arg-Gly-Asp(OC2H5)-Cys-OH 
Cyclo-S-acetyl-(D-Ala)-Arg-Gly-Asp(OC2H5)-Cys-OC2H5 
20 Gyclo-S-acetyi-{D-Val)-Arg-Gly-Asp-Cys-OC2H5 

Cyclo-S-acetyl-{D-Val)-Arg-Gly-Asp(OC2H5)-Cys-OH 
Cyclo-S-acetyl-(D-Val)-Arg.Gly-Asp{OC2H5)-Cys-OC2H5 
Cyclo-S-acetyl-(D-Leu)-Arg-Gly-Asp-Cys-OC2H5 
Cyclo-S-acetyl-(D-Leu)-Arg-Gly-Asp(OC2H5)-Cys-OH 
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Cyclo-S-acetyl-(D-Leu)-Arg-Gly-Asp(OC2H5)-Cys-OC2H5 
Cyclo-S-acetyl-(D-lle)-Arg-Gly-Asp-Cys-OC2H5 
Cyclo-S-acetyl-(D-lle)-Arg-Gly-Asp(OC2H5)-Cys-OH 
Cyclo-S-acetyl-(D-lle)-Arg-Gly.Asp(OC2H5)-Cy8-OC2H5 
Cyclo-S-acelyl-(D-Phe)-Arg-Gly-Asp-Cy8-OC2H5 
Cyclo-S-acetyl-(D-Phe)-Arg-Gly-Asp(OC2H5)-Cys-OH 
Cyclo-S^C8tyl-{D-Phe)-Arg-Gly-Asp(OC2H5)-Cys-OC2H5 
Cyclo-S-acetyl-(D-Thr)-Arg-Gly-Asp-Cys-OC2H5 
Cyclo-S-ac8tyl-{D-Thr)-Arg-Gly-Asp(OC2H5)-Cys-OH 
Cyclo-S-acelyl-(D-Thr)-Arg-Gly-Asp(OC2H5)-Cys-OC2H5 
Cyclo-S-acelyl-(D-Pro)-Arg-6ly-A8p-Cy8-OC2H5 
Cyclo-S-acetyl-(D-Pro)-Arg-Gly-A8p(OC2H5)-Cy8-OH 
Cyclo-S-acetyl-(D-Pro)-Arg-Gly-Asp(OC2H5)-Cys-OC2H5 

EnnpielS 

Cyclo-S-acelyl-(D-Tyr)-Arfl-Gly-Asp-Cy8-NH2 




Synthesis of the fitle compouid vras accomplished using standard Boc-synthetic protocols on a 4- 
20 methyibenzyhydrylaniine resin to obtain tirst a linear pep6de as desciit)ed in Example 1 . Cleavage of the Unear 
peptide from the resin with hydrogen fluoride followed by cydizalion as described in Example 2 affords the «fle 
compound after HPLC purification. HPLC retention time: 18 mnutes. Moteator weight Calc.:6512. Obs. (FAB 
mass spectrum): 65U (M+1). 
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Using this proceAne the foiiowir^ compounds are analogously obtSBned. 
Cyclo-S-acetyl-{D-Ala)-Arg-Gly-Asp-Cys-NH2 
Cyclo-S-acetyl'(D-Val)-Arg-Gly-Asp-Cys-NH2 
Cyclo-S-acetyl-(D-Leu)-Arg-Gly-Asp-Cys-NH2 
5 Cyclo-S-acetyl-(D-lle)-Arg-Gly-Asp-Cys-NH2 
Cyclo-S-acetyl-{D-Phe)-Arg-Gly-Asp-Cys-NH2 
Cyclo-S-acetyl-(D-Pro)-Arg-Gly-Asp-Cys-NH2 
Cyclo-S-acetyl-Gly-Arg-Gly-Asp-Cys-NH2 

Example 16 

''0 Cyclo-S-acetyt-Gly-Arg-Gly-Asp-Cys^ sutfoxkfe 




The purified prochxa from Example 2 was dissolved in water at a concentration of 10 mg per mL The 
pH of the solution was adjusted to 7. A 50% solution of hydrogen peroxide was added to maice a final 
concentration of 3% hydrogen peroxide and the resulting reaction mixtwe was sBned overnight at room 
temperature. The solution was loaded directly onto an odadecylsilyl reverse phase chromatography column. The 
sirffoxide isomers fonned in the reaction were eluted with a linear gradient of acetonilrile in 1% trifluoroacetic 
acid in water. Isomer 1 eluted at 35 minutes. Isomer 2 etuted at 4 m^s. 

For both isomers: Molecular weight (calc.) 5622. Found (FAB mass spectmm): isomer 1 : 563.3; isomer 2: 563.3 
(M+1). 

ExmpBM 
Preparation of cyclic thioettier suffoxides 
Application of the procedure of Example 16 to thioether peptides prepared in Example 4 and shown in 
Table 1 and in to peptides prepared by the procedure in Example 15 affords the sulfoxide stereoisomers of 
Fonnula VIII listed in Table 3 where Ri4 is hydrogen, Rg is OH, and X is SO. 



15 



20 
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VIII 

Tables 
Sulfoxides of FbmwiaVB 
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Notes 

(1) Calculated molecular weight of the peptide. 

(2) Observed molecular weight for M+1 , where M is the molecular ion. based on FAB mass spectrometry. 

(3) Observed chromatographic retention time of the peptide in minutes determined using the conditions given In 
5 Exampl62. 

(4) R3 + R4 = CH2CH2CH2. 
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Example 18 
Synthesis of ihecampQuid of Fomida IX 




o-FMOC-aminoacfipic acid S^lylester was coupled to Wang resin with diisopropylcarbodiimide and a 
calaiylic amount of 4<ymethyiain'ropyridine in dcWoromethane solvenL The FMOC-group was then removed with 
20% piperi(Sne h N^-<imethylacelamide. Standard FMOC synthesis chemistry was then used to add the Asp, 
Gly, Arg. and D-Val residues. After the coupKng of the D-Vai resi(to. treatment of the resin-bound peptide with 

10 0.3 equivalents of tetralds(triphenylphospNne)paIla(fium(0) in N,N-dimethylacetamide containing 20% piperkfine 
resulted in removal of the aliyi and FMOC groups. The resin-lwund peptide was ttien washed 5 times with 5% N- 
methylmorphoHne in N,N-dimethylacelamide. The peptide was then cydized virifh 2 equivalents of BOP reagent 
Cleavage of the peptide from the resin was accompTished by treatment witti trifluoroacetic acid : trielhyisilane 
(982). The peptide was purified by HPLC as described in Example 2. HPLC retention time: 14 minutes. 

15 Molecuiarweight calc.:556A obs.(FAB mass spectrum): 557.3. 

Example 19 

Synthesis of compounds of Fomula VI deiivedfrom glutamic or 2«nrinoadlplcacU 
The compounds of Formula VIII in which Ri and R9 are OH, R5, Re, R7, Rg, and Ru are hydrogen, the 
group Xis (CH2)k where k isO or 1. m is 1. and n Is 3 are prepared using the procedure of Example 18. In Table 4 
20 ks 0 means glutamicacid and k=1 means aminoadpicadd. 
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TaUd4 

Cyclic Peptides Comatnfng glut^ 

R2 R3 R4 MWJ MW2 RT^ k 

(calc) (obs) 

H l-hydroxy- H 558.7 559.3 10 0 
ethyl 

H 2-propyl H 556.3 557.0 14 0 

H 2-methyl- H 570.3 571.0 22 0 
1 -propyl 

H 3-indolyl- H 643.3 644.3 36 0 
methyl 

H 4.amino-l- H 585.3 586.3 7 0 
butyl 

H benzyl H 604.3 605.2 29 0 

H 2-methylthio H 588.2 589.2 16 ' 0 
-1-ethyl 

H hydroxy- H 544.2 545.2 7 0 
methyl 

H 4-hydroxy- H 620.2 621.0 18 0 
benzyl 

H 2-carbox- H 585.2 586.2 8 0 
amidoethyl 

H (4) (4) 554.2 554.8 13 0 

H carboxamido H 571.2 572.2 6 0 
-methyl 

H methyl H 528.2 529.0 10 0 

4.hydroxy- H H 620.2 621.0 18 0 
benzyl 

H carboxy- H 572.2 573.2 9 0 
methyl 

(5) (5) H 554.2 555.1 10 0 

H 2-propyl H 570.2 571.1 15 1 

H 4-hydroxy- H 634.2 635.1 16 1 
benzyl 

5 Notes 

(1) Calculated molecutar weight of the peptkte. 

(2) Observed mcrieodar weight for M+1, where M is the molecular ion, based on FAB mass spectrometry. 
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(3) Observed dromatographic retention tinie of the pepfide in mmutes delemined using the conditions given in 
Example 2. 

(4) R3 + R4 = CH2CH2CH2 

(5) R2 + R4 - CH2CH2CH2. 

5 Exampieao 

L-2fllO(>Alnln<>3K^H^^utc»ycart)ony^^ add 
Slow distyiation of a solution of N-CBZ-D^rlne methyl ester, dimethoxypropane (5 eq) and a catalytic 
amount of pyridinium p-toluenesulfonate (0.014 eq) in benzene resulted in the dean fomiation of the methyl 3- 
Cbz-2,2-dlmethyloxazoBdine^- carboj^late. Reduction of the methyl ester with UBH4 (3 eq) in 2:1 ethanol- 
10 THF gave 3- Cbz-2,2-dimethyloxa2olidine^ methanol. Swem oxidation with (C0Cl)2 (2 eq). DMSO (4 eq) and 
Et3N p eq) in CH2CI2 gave the 3- Cbz-2.2-dimethyloxazofidine-4- carboxyaktehyde which was reductively 
ammated with glycine benzyl ester hydrochloride (5 eq) and NaBHaCN (1 eq) in methanol to give 4- (N- 
benzyloxycarbonylmethyl)-aminomethyl-3- Cbz-2.2-dimelhyloxazoIidine. The resulting amine was protected as 
the Boc derivative using B0C2O (1.25 eq) and NaHCOa (1-4 eq) in 2:1 THF-H2O. Hydrogenation of a melhanolic 
15 solution of 4- (N-t-butyioxycarbonyl-N-benzyloxycarbonylmelhyl)^inomethyl-3- Cbz-2,2-dimethyloxazolidine, 
obtained m the previous step, at 50 psi in the presence of 10% Pd-C. the CBZ and benzyl ester groups were 
deaved and the oxazolidine ring hydrolyzed, giving L-2-amino-3-{N-t-butoxycarbonyl-N-carboxymethyl)amino-1- 
pnpanol. The FMOC group was appended to the 2-amino function using N-(9- 

fluorenylmethoxycait)onytoxy)sucdnimide {1.15 eq) and NaHCOs (2.5 eq) in 1:1 dioxane-H20. Aliyi esterification 
20 of the cMarboxyl group using alyl bromide (7 eq) and NaHCOs (25 eq) in DIWIF followed by Jones oxidation (3 
eq) of the primary alcohol gave the destred Mb compound. 

EionpieZI 

N-FMO&O^lyloxycaitMnybneBiyl-L-s^ 

0-allylation of N-CBZ-L-serine in DMF solution was adiieved by sequential treatment vwth NaH (2.2 eq) and 
25 allyl bromide (1.1 eq). The carboxylic acid was converted to the fe/rtutyl ester using isobutylene and H2SO4 in 
methylene djiorlde to afford O^MyWI-Cfez-L-seiine t-butyl ester. Cleavage of the temiinal olefin of the allyl 
group by ozonolysis in methanol with a dnnethyisuliide worioip gave the aldehyde whidi. wfflwut isolation, was 
reduced to 0-{2-hydroxy-1<thyl)- N-Cbz-L-serine t-butyl ester with NaBH4 (1 eq). The FMOC group was 
introduced by first redjctively deaving the CBZ group at 50 psi H2 in methanol over 10% Pd-C catalyst, then 
30 reprotecUng the resulting free amine with fluorenylmethyldilorDfonnate (1.15 eq) and NaHCOa (1^ eq) in 2:1 
THF-H2O. Jones oxidation (3 eq) of the alcohol on the hydroxyethyl group gave FMOC-OKarboxymethyl-L- 
serine-t-butyl ester, whidj was treated with allyl bromide (3 eq) and NaHCOa (1 .5 eq) in DMF to give FMOCO- 
allyloxycarbonylmethyl-L-serine-t-bu^ ester. RnaHy, the t-bulyl ester was removed with triftuoroacefic add 
^ng the desired N-FMOCO^Iiyloxycarbonylmethyl-L-serine. 

Example 22 

Synthesis o( cyclie peptides of Formula VIB derived from 0<art)oxymelhyl-L-sefine and S^hkartrnxymeihyl)- 
a»d tei iftmj i u|jiui l cacM 

The protected amino adds from Examples 20 and 21 were coupled to Wang resin using 

disoprepylcarbodimide and catalytic 4^1hiethylaminopyridine. Standard FMOC solid phase synthesis protocol 
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was used to couple the Asp, Gly, kg and selected [>amino acid residues. Thus, coupling steps were carried out 
using BOP and N-melhylmorphoOne In N,NKliniethyiacetamkte^ Deprotections were perfonned with 20% 
plperidlne in N,N-dimethylacetamide. Cleavage of the aliyi ester groups was effected with (Ph3P)4Pd in 20% 
piperidine/N,N-dimethylacetamide. The peptide was cycOzed while ^11 attached to the resin using 
diisopropylcarlwdiimide and a catalytic amount of N-hydroxyt)enztria2ole m cfichioromethane to effect cydlzation. 
The cydized peptides were cleaved from the resin with trifluoroacetic acid and purified on reverse phase HPLC. 
The peptUes prepared by this route are derivatives of Formula VIII wherein and Rg are OH. R2, R4. R5. Re, 
R7. R81 and Ri4 are hydrogen, n is 3 and m is 1 and the remaintng sU)Strte 

R3 X ■ MW(calc)^ MW(obs)2 Rt3 

2-propyl NH 571.2 572.3 8 

4-hydroxyben2yl NH 635.2 636.3 25 

4-hydroxyt)enzyI 0 636.2 637.2 18 



Notes 

(1 ) Calculated molecular weight of the peptide. 

(2) Obsen^ molecular wei£^ for M+1 , where M is the moiecuiar Ion, based on FAB mass spectrometry. 

(3) Obsewed chromatoyaphic retention time of the peptide in minutes determnied using the conditions given in 
15 Example Z 

Exanipie23 
InhtoRton of Ortnogen Undhg to GP 

Microliter plates are coaled with fibrinogen (10 \igfn\\) and then blocked with TACTS buffer 
containing 0.5% BSA. (TACTS buffer contains 20mM Tris-HQ, pH 7i, 0.02% sodium azide, 2 mM calcium 

20 chloride, 0.05% Tween 20, 150 mM sodium cNoride.) The piate Is washed wW 

containing 0.01% Tween 20 and a dilution of the sample to be detemn'mi added, foVowed by addtion of 
solubilized llbllla receptor (40 MgAnI) In TACTS, 0.5% BSA. After Incubation, the plate is washed and murine 
monoclonal anti-platelel antibody AP3 (1 ng/ml) added. After another wash goat and anti-mouse IgG corijugated 
to horseradish peroxidase is added. A final wash is perfonned and devetoping reagent buffer (10 mg 0- 

25 phenylenediamine dihydrocNoride, 0.0212% hydrogen peroxide, 022 mM citrate, 50 mM phosphate, pH 5.0) is 
added and then incubated unti color developed. The reaction is stopped with 1 N sulfuric add and the absort»nce 
at 492 nm is recorded and the IC50 values detennined. The resists are recorded in Table 5. 

Tables 

30 InhbHkyi of Fibrinogen BMrKltoGPUblta 

Rl R2 R3 R4 R5»R6 R? Rg R9 X FBI* 

OH H (2) (2) H,H H H OH S 0.95 
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H, 1 -propyl 


H 


H 


OH 


s 


5.4 (5) 


OH 


H 


3-amino-l- 
propyl 


H 


H.H 


H 


H 


OH 


s 


5.6 


OH 


benzyl 


H 


H 


H,H 


H 


H 


OH 


SO 


5.6 (7) 


OH 


H 


H 


H 


H. 3-tri- 
fluoromethyl 


H 


H 


OH 


s 


5.7 (5) 



phenyl 
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OH 


H 


H 


H 


H, ethyl 


H 


H 


OH 


S 


6.0 (5) 


OH 


H 


2-butyi 


H 


H.H 


H 


H 


OH 


S 


6.0 


OH 


H 


benzyl 


H 


H.H 


H 


H 


OH 


SO 


6.6 (7) 


OH 


4-imida- 

zolyl- 

methyl 


H 


H 


H,H 


H 


H 


OH 


S 


6.8 


OH 


benzyl 


H 


H 


H,H 


H 


H 


OH 


S 


7.0 


Uxl 


H 


1-hydroxy- 
1 -ethyl 


H 


H, phenyl 


H 


H 


OH 


S 


7.0 (6) 


OH 


H 


4-hydroxy- 
benzyl 


H 


H,H 


CH3 


CH3 


OH 


S 


7.0 


OH 


H 


(2) 


(2) 


H,H 


H 


H 


OH 


SO 


7.0 (8) 


OH 


H 


4-amino-l- 
bulyl 


H 


H,H 


H 


H 


OH 


s 


7 5 


OH 


H 


4-hydroxy- 
benzyl 


H 


H.H 


H 


H 


OH 


NH 


8.0 


OH 


H 


hydroxy- 
methyl 


H 


H.H 


H 


H 


OH 


SO 


8.0 


OH 


CH3 


H 


H 


H,H 


H 


H 


OH 


S 


9.5 


OH 


H 


2-propyl 


H 


H.H 


H 


H 


OH 


0 


9.7 


OH 


H 


l-hydroxy- 
1 -ethyl 


H 


H,H 


H 


H 


OH 


SO 


10 (8) 


OH 


(3) 


H 


(3) 


H,H 


H 


H 


OH 


S 


11.4 


OH 


H 


H 


H 


H, 2- 
naphthyl 


H 


H 


OH 


s 


US (6) 


OH 


1- 

hydroxy- 
1 -ethyl 


H 


H 


H.H 


H 


H 


OH 


s 


11.6 


eth- 
oxy 


H 


4-hydroxy- 
benzyl 


H 


H,H 


H 


H 


OH 


s 


12 


OH 


H 


4-amino-l- 
butyl 


H 


H,H 


H 


H 


OH 


so 


14 (8) 


OH 


H 


H 


H 


H, phenyl 


H 


H 


OH 


s 


15 (6) 


OH 


H 


2-carboxy- 
1 -ethyl 


H 


H.H 


H 


H 


OH 


s 


15 


OH 


H 


4-hydr xy- 
benzyl 


H 


H,H 


CH3 


CH3 


OH 


so 


15 (8) 
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OH 


1 -hiitvl 


XJ 
xl 


TJ 
XI 


TT TJ 

xl, xl 


H 


H 


OH 


S 


16 


OH 


H 


benzyl 


H 


Ilf xl 


XT 
XI 


TT 
Xl 


Uti 


so 


10 (8; 


OH 


2-propyl 


H 


H 


H,H 


H 


H 


OH 


s 


17 


OH 


7-hiit vl 


XJ 
XX 


Xl 


xl, n 


H 


H 


OH 


s 


I 8 


OH 


H 


H 


xl 


xl, xl 


TT 

xl 


TT 
H 


OH 


S02 


18 


OH 


4- 

hydroxy- 
benzyl 


H 


H 


H,H 


H 


H 


OH 


s 


20 


OH 


H 

XX 


R 

Xi 


xl 


XJ A«U..1 

n, etnyl 


TT 

H 


H 


OH 


s 


20 (6) 


OH 


1 -butyl 


ri 


TJ 

xl 


TT TT 

H, H 


H 


H 


OH 


s 


20 


nw 
\Jn 


XT 
Xl 


4-hydroxy- 
benzyl 


H 


H, H 


H 


H 


OH 


0 


20 


OH 


H 


H 


H 


H, 1 -propyl 


H 


H 


OH 


s 


21 (6) 


OH 


hydroxy- 
methyl 


H 


H 


H,H 


H 


H 


OH 


s 


22 


OH 


H 


H 


H 


H. 2-ui- 

fluoromethyl 

phenyl 


H 


H 


OH 


s 


23 (6) 


OH 


H 


carboxy- 
methyl 


H 


H.H 


H 


H 


OH 


s 


25 


OH 


H 


H 


H 


H.H 


H 


H 


OH 


so 


25 (8) 




z - 

methyl* 
thioethyl 


XJ 
XI 


H 


H, H 


H 


H 


OH 


s 


28 


OH 


3- 

inuuiyi- 
methyl 


H 


H 


H.H 


H 


H 


OH 


s 


29 


OH 


3-amino- 
1 -propyl 


H 


H 


H.H 


H 


H 


OH 


s 


31 




v% A VI % V 1 

DcuZyi 


rj 

a 


TT 

xl 


XJ XJ 

xl, xl 


TT 

H 


H 


OH 


so 


33 (8) 


OH 


carbox- 

amido 

methyl 


H 


H 


H,H 


H 


H 


OH 


s 


35 


OH 


benzyl 


H 


H 


H,H 


H 


H 


OH 


s 


35 


OH 


H 


H 


H 


H, 3-tri- 
fluoromethyl 


H 


H 


OH 


s 


35 (6) 



phenyl 
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OH 


is butyl 


H 


H 


H,H 


H 


H 


OH 


S 


38 


OH 


H 


H 


H 


H.CH3 


H 


H 


OH 


s 


39 


NHj 


H 


4-hydroxy- 
benzyl 


H 


H,H 


H 


H 


OH 


SO 


39 


OH 


H 


H 


H 


H,H 


H 


H 


OH 


0 


42 


OH 


H 


H 


H 


H, phenyl 


H 


H 


OH 


SO 


43 1 


OH 


H 


hydroxy- 
methyl 


H 


H,H 


H 


H 


OH 


SO 


50 ( 


OH 


H 


2-methyl- 
1 -propyl 


H 


H,H 


H 


H 


OH 


SO 


SO i 


OH 


2- 

carbox- 

amido 

ethyl 


H 


H 


H.H 


H 


H 


OH 


s 


110 


eth- 
oxy 


H 


4-hydroxy- 
benzyl 


H 


H,H 


H 


H 


ethoxy 


s 


158 


OH 


H 


H 


H 


H. 4-lri- 

fluoromethyl 

phenyl 


H 


H 


OH 


s 


180 


OH 


2- 

carboxy- 
ethyl 


H 


H 


H,H 


H 


H 


OH 


s 


260 


OH 


carboxy- 
methyl 


H 


H 


H,H 


H 


H 


OH 


s 


500 


OH 


H 


4-hydroxy- 
benzyl 


H 


H.H 


H 


H 


ethoxy 


s 


500 


OH 


H 


l-hydroxy- 
ethyl 


H 


H,H 


H 


H 


OH 


(4) 


1.05 


OH 


H 


2-propyl 


H 


H,H 


H 


H 


OH 


(4) 


2.9 


OH 


H 


isobutyl 


H 


H.H 


H 


H 


OH 


(4) 


3.0 


OH 


H 


3-indolyl- 
methyl 


H 


H.H 


H 


H 


OH 


(4) 


4.0 


OH 


H 


4-amino-l- 
butyl 


H 


H,H 


H 


H 


OH 


(4) 


5.0 


OH 


H 


benzyl 


H 


H,H 


H 


H 


OH 


(4) 


6.0 


OH 


H 


2-methyltbio 
-1 -ethyl 


H 


H,H 


H 


H 


OH 


(4) 


8.0 
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OH H hydr xy- H H,H H H OH (4) 1 0 

methyl 

OH H 4-hydroxy- H H,H H H OH (4) 11.2 

benzyl 

OH H 2-carbox- H H.H H H OH (4) 1 2 

amidoethyl 

OH H (2) (2) H,H H H OH (4) 12 

OH H carboxamido H H.H H H OH (4) 25 

-methyl 

OH H methyl H H,H H H OH (4) 41.5 

OH 4- H H H.H H H OH (4) 60 

hydroxy- 
benzyl 

OH H carboxy- H H,H H H OH (4) 67 

methyl 

OH (3) (3) H H,H H H OH (4) 360 

* Fibrinogen Binding Inhibition^ IC50 (nM) 
Notes 

(1 ) Rbrinogen bincfing IrMbHion assay data is from Example 23. The IC50 vahjes are in nanomolar units. 
5 (2)R3 + R4«CH2CH2CH2 

(3) R2 + R4«CH2CH2CH2 

(4) X=^(CH2)kandkis0. 

(5) IC50 for the more active isomer at R5/R6 

(6) iC^o for the less acthe isomer at R5/R6. 
10 (7) ICso for the more acfive sulfoxide Isomer 

(8) IC50 for the less active sulfoxide isomer. 

Example24 
Inhibition of platelet siggregation 
Rfty milliliters of vrtiole human blood (9 parts) Is drawn on 3.6% sodium citrate (1 part) from a donor 
15 who has not taken aspirin or related medicatior^ for at least two vveete^ TheUoodiscentrifugedatlGOxgfor 
10 min at 22° C and then aik)wed to stand for 5 min after which the PRP is decanted. Platelet poor plasma 
(PPP) is isolated from the remaining blood after centrifugation at 2000 x g for 25 min. The platelet count of the 
PRP was diluted to ca. 300000 per microliter with PPP. 

A 225 aliquot of PRP plus 25 of either a dilution of the test sample or a control (^^^^ 
20 incubated for 5 min in a Chrono4og Whole Bkxxl Aggregometer at 25° C. Adenosine diphosphate (ADP, 8 ^M) is 
added and the platelet aggregation recorded. The results of this test are recorded In Table 6. Wherethe 
possibiiit/ of stereoisomers exists, the values in Table 6 are for the most active stereoisomers. 
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Table 6 

Miibittan of PlateiBt Aggregation by Cdi^^ 









OH 


H 


2-propyl 


OH 


H 


H 


OH 


H 


4-hydroxy- 






benzyl 


OH 


H 


4-hydroxy- 






benzyl 


OH 


H 


4-hydroxy- 


OH 




benzyl 


H 


2-propyl 


OH 


H 


4-hydroxy- 






benzyl 


NH2 


H 


4-faydroxy- 






benzyl 


OH 


H 


1-hydroxy- 






1 -ethyl 


OH 


H 


benzyl 


OH 


TJ 

XT 


^*nieinyi- 


OH 




1 -propyl 


H 


l-hydroxy- 






1 -ethyl 


OH 


H 


2-propyl 


OH 


H 


4-amino-l- 






butyl 


OH 


H 


2-propyl 


NH2 


H 


4-hydroxy- 






benzyl 


OH 


H 


H 


OH 


H 


2-propyl 


OH 


H 


1-hydroxy- 






1 -ethyl 


OH 


H 


4-hydroxy- 






benzyl 


OH 


H 


H 


OH 


H 


4-hydroxy- 






benzyl 


OH 


H 


2-methyl- 






1-propyl 


OH 


H 


benzyl 


OH 


H 


4-hydroxy- 






benzyl 


OH 


H 


3-indolyl- 






methyl 


OH 


H 


benzyl 


OH 


H 


4-hydroxy- 






benzyl 


OH 


H 


l-hydroxy- 






cthyl 


OH 


H 


H 


OH 


H 


H 


OH 


H 


(2) 



R4 Rs. Rfi R7 

H H.H H 

H H. 1- H 

naphthyl 

H H.H H 

H H.H H 

H H.H CH3 

H H,H H 

H H.H CH3 

H H.H H 

H H. phenyl H 

H H.H H 

H H,H H 

H H,H H 

H H.H H 

H H.H H 

H H.H H 

H H,H H 

H H, 2- H 

naphthyl 

H H,H H 

H H,H H 

H H.H H 

H H. phenyl H 

H H.H H 

H H,H H 

H H.H H 

H H, phenyl H 

H H.H H 

H H.H H 

H H.H H 

H H.H H 

H H.H CH3 

H H.H H 

(2) H,H H 



Rg 


R9 


X 


PAI * 


XT 

H 


OH 


CH2 


0.09 


H 


OH 


S 


0.11 


H 


OH 


SO 


0.13 


H 


OH 


CH2 


0 15 


CH3 


OH 


SO 


0.17 


H 


OH 


SO 


0.19 


CH3 


OH 


s 


0.2 


H 


OH 


SO 


0.20 


H 


OH 


s 


0.30 


H 


OH 


SO 


0.36 


H 


OH 


(3) 


0.40 


H 


OH 


SO 


0.44 


H 


OH 


s 


0.44 


H 


OH 


so 


0.46 


H 


OH 


(3) 


0.70 


H 


OH 


s 


0.71 


H 


OH 


s 


0.71 


H 


OH 


NH 


0.73 


H 


OH 


S 


0.8 


H 


OH 


S 


0.8 


H 


OH 


S 


0.87 


H 


OH 


(3) 


1.0 


H 


OH 


S 


1.04 


H 


OH 


(3) 


1.1 


H 


OH 


S 


1.25 


H 


OH 


(3) 


1.3 


H 


OH 


S 


1.35 


H 


OH 


NH 


1.46 


H 


OH 


(3) 


1.5 


CH3 


OH 


S 


1.7 


H 


OH 


SO 


1.9 


H 


OH 


S 


2.0 
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OH 


H 


3-indolyl- 
methyl 


H 


H,H 


H 


H 


OH 


S 


2.3 


OH 


H 


hydr xy- 
methyl 


H 






XJ 

n 




c 
o 




OH 


H 


4- 

imidazolyl- 
methyl 


H 


H,H 


H 


AM. 


nH 


c 




OH 


H 


methyl 


H 


H. H 




TT 
XI 


yjn 


c 
a 




OH 


H 


2-mcthyl- 
thioethyl 


H 


H,H 


H 


H 


OH 


s 


5.4 


OH 


H 


4*hydroxy * 


H 


H, H 






wn 










benzyl 














OH 


H 


H 


H 


H.H 


H 


H 


OH 


s 


6.6 


OH 


H 


H 


H 


H. 4- 
biphenyl 


H 


H 


OH 


S 


7.56 


OH 


H 


(2) 


(2) 


H,H 


H 


H 


OH 


(3) 


10.2 


OH 


H 


H 


H 


H,H 


H 


H 


OH 


SO2 


39.5 


OH 


H 


H 


H 


H,H 


H 


H 


OH 


SO 


<20 



* Platelet Aggregation Inhibition^ IC50 (m-M) 
Notes 

(1) Platelet aggregation inhbition assay data is from Example 24. The IC50 values are in micromoiar units. 
5 (2)R3 + R4«CH2CH2CH2 
(3)X»(CH2)kandkisO. 

In view of the efficacy of these cycSc polypeptides as inhibitors of fibrinogen b^ng to GP llbllla, and 
the feasibility as demonstrated h^n of producing these cyclic polypeptides, the present invention may have 
application in the treatment of a la^ group of disorders associated wWi, or characterized by, a hyperthrombotic 
10 state. Representative of such dsorders are genetic or acquired deficiencies of factors which normally prevent a 
hyperthrombotic state; medical procedures such as angioplasty and thrombolytic therapy; mechanical obstructions 
to blood fiow. such as tumor masses, prosthetic synthetic cardiac valves, and extracorporeal perfusion devices; 
atherosclerosis; and o^nary artery dsease. 

The present invention has of necessity been discussed herein by reference to certain specific methods 
15 and materials, tt is to be understood that the discussion of these specific methods and materi^^ 

constitutes any fimitaSon on the scope of the present invention, which extends to any and all alternative materials 
and methods suitable for accomplishing the objectives of the present invention. 
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What is Claimed is: 



1. A compound of the formula: 



50 




NH XORi 



whereki 

Rl and Rg are tfie same or cfifferent and are selected from 
10 hy*oxy, 

Ci-Csalkoxy, 

C3-Ci2akenoxy, 

C6-Ci2aryloxy, 

di-Ci-Cs alkylamino-Ci-Cs-alkoxy, 
15 acyfamro-Ci-Cs-aikoxy selected from the group acelylaminoethoxy, nicotinoylaminoethoxy, and 

suodnamidoethoxy, 
pivabyloxyethoxy, 

C6-C12 aryl-Ci-Cs-alkoxy where the aryl group is unsuljslituted or sul)stituted with one or more of 
the gronK nitro, halo (F, CI, Br, I), Ci-C4-alkoxy, and amffio. 
20 hydroxy-C2-C8-alkoxy, 

dihy*oxy-C3-C8-alkoxy, and 

NR10R1 1 whereh Rio and Ri 1 are the same or different and are hydrogen. Ci-Ca-alkyI, Cs-Cs-alkenyl. 
C6-Ci2*aryl where the aryl group Is unsut)stituted or substituted with one or more of the 
groups 
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nitro, halo (F, CI. Br. I). Ci-C4-alkoxy. and amino, Ce-Cig-aryl-Ci-CB-alkyi where 
the aryl group Is unsubstituted or substituted by one or more of the groups nItro. 
hak) (F, CI, Br. I), Ci-C4^koxy. and amino; 
R2> Rs* RS. ^6* R7. ^8 ^ the same or different and are selected from 
5 hydrogen. 

C6-C12 aryl where the aryl group is unstMltuted or substituted by one or more of the groups nitro. 
hydroxy, halo (F, 0. Br, I), Ci-C8 alkyl. hakKJi-Ca aBcyl. Ci-Cs-alkoxy, amino, phenyloxy, 
phenyl, acetamido. benzamido, di-Ci-Cs aflcylamino. Ci-Cs alkylamino, C6-C12 aroyl. Ci-Cs 
alkanoyi, and hydroxy-Ci-Cs alkyl, 
10 C1-C12 alkyl either substituted or unsubstituted. brancted or straight chain where the substituents 

are selected from halo (F, CI. Br. I), 
Ci-Csalkoxy, 

C6-C12 aryloxy where the aryl group is imsubstituted or substituted by one or more of the 
^Dups nitro. hydroxy, hak) (F, CI, Br. I), Ci-Ca alkyl, Ci-Cs^lkoxy. amino, 
15 phenyloxy, acetamkJo, benzamklo, di-Ci-Cs alkylamino, Ci-Cs alkylamino. 

C6-C12 aroyl, and Ci-Cs alkanoyi, 
isothk)ureido. 
C3-C7 cydoalkyl. 
urekk), 
amino. 
Ci-Cs ahylamino. 
d-Ci-Cs alkylamino, 
hydroxy. 

amino-C2-CsalkyIthk). 
25 amino-C2-Csalkoxy. 

acetamkJo. 

benzamkfc) wherein the phenyl ring is unsubstituted or substituted by one or more of the 

groups nitro, hydroxy, halo (F. 0. Br. I). Ci-Cs alkyl. Ci-Cs-a»(Oxy. amino. 

phenybxy. acetamkk), benzamkio. di^^i-Cs alkylamino, Ci-Cs alkylamino. C6-C12 
30 aroyl. and Ci-Cs alkanoyi. 

C6-C12 arylamino wherein the aryl group is unsubstituted or substituted by one or more of 

the groups nitro. hydroxy, hab. Ci*Cs alkyl, Ci-Cs^xy, amino, phenybxy. 

acetamido, benzamido, di-Ci-Cs alkylamino. Ci-Cs alkylamino, C6-C12 aroyl, and 

Ci-Cs alkanoyi. 

35 guankfno, 
phtiiaBmkk), 
mercapto, 
Ci-Cs atkylthb, 
C6-Ci2arylthio, 



20 
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cart)oxy. 

cartx)xantide, 

cartxhCi-Csalkoxy, 

Ce-Ci 2 aryl wherein Vne aryl is unsubstiluled or substituted by one or more of the 
5 groi4>s nitro. hy*oxy, halo. Ci-Ca alkyi, Ci-Csnalkoxy, amino, phenyloxy. aoetamido. 

benzamido, di-Ci-Cs alkylamino, Ci-Ca alkylamino, hydroxy^i-Cs allcyl. C6-C12 
aroyt. and Ci-Cs alkanoyl. and 
aromatic heterocyde wherein the heterocyclic groups have 5-10 ring atoms and contain up to 
twoO, N,orShetBroatoms; 
10 R2andR3,R5andR6.orR7andR8mayoptionaflyandindependenllyb^ 

heterocycfc ring of from four to seven atoms where the heteroatoms are selected from 0, S or NRi 2 
where R12 is selected from 

hydrogen. Ci-Cs-all^yl. Cs-Cs-ailcenyl, C6-Ci2^l. C6-Ci2-aryl-Ci-C8-aIkyl, Ci-Ca 
a*anoyI,andC6-Ci2arDyl, 
15 R4 is selected from 

hydrogen, 

Ci-Csalkyl. 

Ca-Ciocycloallcyl, 

C6-Ci2aryl, and 
20 C6-Ci2aryl-Ci-C8-alkyl; 

R2 or R3 may be optionally joined with R4 to ft)nn a piperidine. pyrrolidine or tNazoMine ring; 
Ru is selected from 

hydrogen. Ci-Cs-aikyl. Cs-Cs^kenyl. Ce-Ci^aryl.and C6-C12 aryl-Ci-Cs-alkyI; 
X is selected from 
25 anOorSatom, 

an S alom bearing one or two 0 atoms, 

NR13 wherein R13 Is hydrogen, Ci-Cs-alkyl. Ca-Cs-alkenyl. C6-Ci2-aryl. C6-Ci2-aryl-Ci-C8-alkyl. 

C1-C8 alkanoyl. and C6-C12 aroyi, and 
C6-C12 aryl. 
30 Ci-Ca alkanoyl, 

(CH2)ic where k is an integer from 0 to 5; 
n is an integer from 1 to 6; 
m is an integer from 0 to 4; and 
phannaceutksdiy acceptable salts thereof. 
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2. A compound of the fomxjSa 




5 wherein 

Rl and Rg are the same or (fiffemnt and are hydroxy, NH2,Ci-C^ alkoxyorbenzyloxy; 
R2ishydrogen 
R3 is selected from 
hydrogen, 

10 Ci -Ce aikyl branched or unt)ranched, unsut)stituted or substituted with substituents selected from 

amino, hydroxy, merc^to, methyfthio, carboxy, carboxamide, guanidno, phenyl, 4- 

hydroxyphenyl, 4-methoxyphenyl, 3-Molyl, and 4-imk^ 
phenyl either unsubsBtuted or substituted with one to three substituents that may be independently 

nitro, hydroxy, halo (F, Q, Br, I), Ci -04 alkyi, Ci -C4-alkoxy, amino, phenyloxy, phenyl. 
15 acetamido, benzamido, di-Ci-C4 atkylamho, C1-C4 allqtemino, halo-Ci-C4 alkyl, C6-C12 

aroyi, and Ci -C4 alkanoyi, 

1- naphthyl, 

2- na(^thyl, 
2-thienyl, 

20 2-pyridyl. 

3i)yrldyl, and 
4-pyridyl; 

R5 and Re are Independently selected from 
hydrogen, 
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Ci-Ce alkyl either branched or imbranched, unsubsfituted or subsHtuted with subslituents selected 
from amino, hydroxy, mercapto, carboxy. carboxamide, guanidino. phenyl or 4-hydroxyphenyl, 
4-methdxyphenyl. 3-indofyl, and 4HmidazolyI, 
phenyl either wisiftsllfuted or substiluted with one to three subslituents that may be independently 
selected from nitro, hydroxy, halo (F. a, Br, I), C1.C4 alkyl, Ci-C4-alkoxy. amino, phenyloxy, 
phenyl, acetamido, benzamido, di-Ci-C4 alkylamino, C1-C4 alkylamino, hato-CiA alkylt Ce- 
C12 aroyl, and C1-C4 ahanoyi, 

1- naphthyl, 

2- naphthyl, 
2-thienyl, 

2- pyridyl, 

3- pyridyl, and 

4- pyridyl; 

R7 or Rg are the same or different and are selected from 
15 hydrogen, 
C1-C4 alkyl, 

phenyl either unsubsfituted or subsfituted wiBi from one to three substituenls independently selected 
from hydroxy, hak) (F. CI, Br, I), C1-C4 alkyl, and CiA-alkoxy; 
R4 is hydrogen or may be joined with R3 to farm a helerocycBc ring selected from piperidine, pyrrolidine or 
2D tNazoEdme; 
Rl 4 is hydrogen or methyl; 
X is selected from 

anOorSaiom, 

an S alom bearing one or two 0 atoms, 
25 NRi3whereRi3 is selected trom hydrogen, Ci-C4aBqfI. benzyl, phenyl, Ci-C4alkanoyl. 

benzoyl and 
(CH2)k,wherekis0to5; 
nis3or4; 
mis1;and 

30 pharmaceuficaliy acceptable salts thereof. 
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3. A compound of the formula 




O 



5 wherein 

Rl and Rg are the same or different and are hydroxy, NH2. C1-C4 alkoxy or benzyloxy; 
R3 is hydrogen 
R2 is selected from 
hydrogen, 

10 Ci -Ce alky! branched or mt)ranched, unsi^tuted or sut>stitu!ed with substituents selected from 

amino, hydroxy, mercapto. methyltNo, carboxy, carboxamide, guanidino. phenyl, 4- 

hydroxyphenyl, 4-methoxyph6nyl. 34ndolyl, and 4-imidazoiyi, 
phenyl either unsubstituted or substituted with one to three siMituents that may be independently 

rflro, hydroxy, haio (F, a, Br, I), C1-C4 alkyl. Ci-C4-alkoxy, amiro, frfienyloxy, phenyl, 
15 acetamido, benzamido, di-Ci-C4 aflqriamino. C1-C4 alkylamino, haIo-Ci-C4 alkyi, C6-C12 

aroyi, and Ci -C4 alkanoyl. 

1- naphthyl, 

2- naphthyl, 

2- thienyl, 
20 2-pyridyl, 

3- pyridyl, and 

4- pyridyl; 

R5 and Re are independently selected from 
hydrogen, 
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Ci-Ce alkyl either branched or unbranched, unsubsBtuted or substituted with substituents selected 

from amino, hydroxy, mercapto. carboxy, carboxamide, guanidino, phenyl or 44Tydroxyphenyl, 

4-methoxyphenyI, 3-indolyI, and 44midazolyl. 
phenyl either unsubslrtuted or substituted with one to three substituents that may be independenUy 
5 selected from nitro, hydroxy, halo {F, CI. Br. I), C1-C4 alkyl. Ci-C4-alkoxy. amino, phenyloxy. 

phenyl, acelamido, benzamkto. (fi-Ci-C4 alkyiamino, C1-C4 alkylamino. hab-Ci-C4 alkyl. Ce- 

Ci 2 aroyl. and C1-C4 alkanoyi, 

1- naphthyl, 

2- naphthyi. 
10 2-thienyl, 

2-pyridyi, 
3i)yridyl, and 
4-pyridyl; 

R7 or Rg are the same or dfferent and are selected from 
15 hydrogen, 
C1-C4 alkyl. 

phenyl either unsubstituted or substituted with from one to three substituents independently selected 
from hydroxy, hak) (F, CI, Br, I), C1-C4 alkyl. and Ci-C4-alkoxy; 
R4 Is hydrogen or may be joined with R3 lo forni a heterocydfc ring selected from piperidlne. pyrrolidine or 
20 tMazoidne; 
Rl4 is hydrogen or methyl; 
X is selected from 

anOorSatom. 

an S atom bearing one or two 0 atoms. 
25 NRi3whereRi3tsselectedfromhydrogen,Ci-C4alkyl. benzyl, phenyl, C1-C4 alkanoyi, 

benzoyl arvJ 
(CH2)k.wherekisOto5; 
nis3or4; 
misl;and 

30 phamtaceuficaliy acceptable salts thereof. 
4. The compound ofdaim 2 wherein 
RiandRgareOH; 

R2. R4. R5. Rft R7. Rb. and Rl4 are hydrogen; 
R3 is selected from 

35 hydrogen. 4.amino-1-butyl. 3-amino-1 -propyl, hydroxymethyl, 2-hydroxy-1 -propyl, methyl. 

ethyl, 2i)ropyl, isobutyl. n-propyl. n-butyl, 2-butyl, methyfthioethyl, benzyl. 4-hydroxyben2yl. 
4^nethoxybenzyl. 3-indolylmethyl, 4Hmidazolylmethyl, phenyl, carboxymethyl, carboxyethyl. 
carboxamidomethyl. and carboxamidoethyl; 



wo 91/01331 



PCr/US90/03788 



57 

XisS;and 
nis3or4. 

5. TTie compoiDd of daim 2 whereh 
RiandRgareOH; 

5 R2, R4. RSr Rft R7. Re. and R14 are hydrogen; 

R3 i8 selected from 

hydrogen, 4-amtfK>-1 -butyl, 3^ino-1-propyt, hydroxymethyl. 2-hydroxy-1 -propyl, methyl, 
ethyl, 2-pfOpyl, isolwjtyl, n-propyl, n4>utyl, 2-butyl, methylthioelhyl, benzyl, 4-hydroxyben2yl, 
4-melhoxybenzyl. 3-indoVmethyl. 4-lmidazolylmethyl, phenyl, carboxymethyl, carboxyethyl, 
10 carboxanidomelhyi, and carboxamldoethyl; 

XisSO:and 

nis3or4. 

6. The compound of daim 2 wherein 
RiandRgareOH; 

15 R2.R3.R4tR7.R8. and Ri4 are hydrogen; 

R5 and Re are independently selected from hy^ogen. methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
benzyl, phenyl. 2-trifluoromethylphenyl, 3-lrifiuoromethylphenyl. 4-lrlfluoromethylphenyl. 1- 
naphthyl, 2Hiaphthyl, 44)lphenyl, and pentafluoro^ 
XisS;and 
20 nis3or4. 

7. The compound of dsym 2 wherein 
RiandRgareOH; 

R2. R3. R4. R7. Rs, and Ri4 are hydrogen; 

R5 and Re are independently selected from hydrogen methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
25 benzyl, phenyl, 2-lrifiuoromethylphenyl. 3-trifluoromethylphenyi, 4-trifluoromethylphenyl. 1- 

naphthyl, 2-naphlhyl, 4-Kphenyl. and pentafluorophenyl; 
XlsSO;and 
nis3or4. 

8. The compound of dam 2 wherein 
30 RiandRgareOH; 

R2. R3. R4. R5. Re. and Ri 4 are hydrogen; 

R7 and Re are independently selected from hydrogen, methyl and phenyl; 

XisS;and 

nis3or4. 

35 9. The compound of daim 2 wherein 
RiandRgareOH; 

R2. R3. R4. Rs. Rb. and R14 are hyctogen; 

R7 and Rs are independently selecled from hydrogea methyl and ph^ 
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XisSO;and 
nis3or4. 

10. The compound of daim 2 wherein 
RiandRgareOH; 
5 R2, R4, R7. R8. and Ru are hy*ogen; 

Rs is selected from 4-amino-1-butyl, 3-amino-l-propyl. hydroxymethyi, 2-hydrDxy-l -propyl, methyl, 
ethyl, 2-propyl. isobutyl. n-propyl, n-butyl. 2-butyl, methylthioethyl. benzyl, 4- 
hydroxyt)enzyl, 44nethoxyl)enzyl, 3-indolylmethyl. 4-lmida20lylmethyl. phenyl, cartwxymethyl. 
cartxttyelhyi. cartsoxamklomelhyl, and carfaoxamidoethyl; 
10 Rs and Re are independently selected from hydrogen, methyl, ethyl, propyl, isopropyl, butyl. 

isobutyl, benzyl, phenyl. 2-trifluoromethylphenyl, 3-trilIuoromethylphenyl. 4- 
triffhKHomethyiphenyl, 1-naphthyl, 2-naphthyl, 4-Kphenyl, and pentaffuorophenyl; 
XisS;and 
nis3or4. 

15 11. The compound of dairn 2 wherein 
RiandRgareOH; 

R2. R4* R7. Rs. and Ruare hydrogen; 

R3 is selected from 4-amino-1 -butyl. 3-amlno-1-propyl, hydroxymethyl, 2-hydroxy-1 -propyl, methyl, 
ethyl, 2-propyl. isobutyl, n-propyl, n-butyl, 2-butyl. methylthioethyl, benzyl. 4- 
20 hydroxybenzyl, 4-melhoxybenzyl, 3-indolyImelhyl, 4HmidazolyImethyl. phenyl, carboxymethyl. 

carboxyelhyl, carboxamidomethyl. and carboxamidoeSiyl; 
Rs and Re are independently selected from hyAogen, methyl, ethyl, propyl, isopropyl, bu^, 
isobutyl. benzyl, phenyl. 2-trifluoromethylphenyl. S-trifluoromethylphenyl, 4- 
irlfiuoromethylphenyl, 1-naphthyl, 2-naphthyl, 4«phenyl. and pentafliwrophenyl; 
25 XisSO;and 
n is 3 or 4. 

12. ThecompotrKiofclaim2wherein 
RiandRgareOH; 

R2, R4. Rs. Re. and Ri4 are hy*ogen; 
30 R3 is selected from 4.amino-1-butyl, 3-amino-1 -propyl, hydroxymethyl, 2-hydroxy-l -propyl, methyl. 

ethyl, 2-prDpyl, isobutyl, n-propyi, n-butyl, 2-butyl, methylthioethyl, benzyl. 4- 
hydroxybenzyl. 4-methoxybenzyl. 3Hndolyhiethyl, 44mldazolylmethyl, phenyl, carboxymethyl, 
carboxyettiyl, carboxamidomethyl. and carboxamktoelhyl; 
R7 and Rs are independently selected from hydrogen, methyl and phenyl; 
35 XlsS;and 
nis3or4. 

13. The compomd of claim 2 wheren 
RiandRgareOH; 

R2. R4. Rs. R& and Ru are hydrogen; 



wo 91/01331 



PCT/US90/03788 



S9 

R3 is selected from 4-amino-1 -butyl. 3-amina-l-pfopyl, hydroxymethyl, 2-hydroxy-l -propyl, methyl, 
ethyi, 2-propyl, isobutyi, n-propyl, n-butyl. 2-butyl, methylthioelhyl, beruyl. 4- 
hydroxybenzyl, 4-melhoxyben2yl, 3-indolyhnethyl, 4^midazolylmethyI, phenyl, carboxymethyl, 
carboxyethyl, carboxamidomethyl. and carboxamidoethyl; 
5 R7 and Rg are independently selected from hydrogen, methyl and phenyl; 

XisSO;and 

nis3or4. 

14. Itie compound of daim 2 wherein 
RiandRgareOH; 

10 R2. R3, R4, and Ri4 are hydrogen; 

R5 and Re are independently selected from hydrogen, methyl, ethyl, propyl, isopropyl, butyl, 
isobutyi, benzyl, phenyl, 2-trifiuoromethylphenyl, S-trlfluoromethyiphenyl, 4- 
trifluoromethylphenyl, 1-naphthyl. 2-naphthyl, 4-biphenyl, and pentafluorophenyl; 
R7 and Rs are independently selected from hydfogea methyl and phenyl; 
15 XlsS;and 
nis3or4. 

15. The compound of daim 2 wherein 
RiandRgareOH; 

R2. R3. R4. and Ri4 are hydrogen; 
2D R5 and Re are independently selected from hydrogen, methyl, ethyl, propyl, isopropyl, butyl, 

isobutyi, benzyl, phenyl, 2-trifluorDmethylphenyl, 3-trifluoromethytphenyl. 4- 
trifhioromethylphenyl, 1-naphtf^, 2-naphthyl, 4-b(phenyl, and pentafluoro;^nyl; 
R7 and Re are independently selected from hydrogen, methyl and phenyl; 
XisSO;and 
25 nis3or4. 

16. The compound of daim 2 wherein 
RiandRgareOH; 

R2. R4. R5» Re. R7. Re. and Ru are hy*ogen; 

R3 is selected from hydrogen, 4-amino-1-butyl, 3-amino-1 -propyl, hydroxymethyl. 2-hydroxy-1 -propyl, 
30 methyl, ethyl, 2-propyl, Isobutyi, n-propyl, n-butyl, 2-butyl, methylthioethyl, benzyl. 4- 

hydroxybenzyl. 4-melhoxybenzyl, 3-indolylmethyl. 4^midazolylmethyl, phenyl, carboxymethyi. 

carboxyethyl. carboxamidomethyl, and carboxamidoethyl; 
XisO;and 
nis3or4. 

35 17. The compound of d^m 2 wherein 
RiandRgareOH; 

R2. fUf R5. Re. R7. Re. and R14 are hydrogen; 

R3 is selected from hydrogen, 4-amtno-1 -butyl. 3-amino-1 -propyl, hydroxymethyl, 2-hydroxy-1 -propyl, 
methyl, ethyl. 2-propyl. isobutyi, n-prepyl, n-butyl. 2-butyl. methylthioethyl, benzyl. 4- 
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hydroxybenzyl, 4-methoxybenzyI, 3-MolyimelhyI, WmkJazolylmethyl. phenyl, carboxymethyl. 
carboxyethyl, cartx>xaniidome&iyl, and cartxsxamidoethyl; 
X is NRt3 where R13 is selected from hydrogen, C1-C4 alkyi, C1-C4 alkanoyi, benzoyl and benzyl; 
and 

5 nis3or4. 

18. The compound of daim 2 whertin 
RiandRgareOH; 

R2. R4, R5. R& R7. Rs. and Ru are hydrogen; 
R3 is 4-hydroxybenzyl; 
10 XisS;and 
nis3. 

19. The compound of daim 2 wherevi 
RiandRgareOH; 

R2. R4. R5. Rfr R7f Rs. and R14 are hy*ogen; 
15 R3 is 4-hydroxybenzyl; 

XtsSO;and 
nis3. 

20. The compouid of cl^m 2 wherein 
RiandRgareOH; 

20 R2. R4.R5.R6»R7,R8» and Ri4 are hydrogen; 

Rsisisopropyi; 
XisS;and 
nis3. 

21. The compound of daim 2 where^ 
25 RiandRgareOH; 

R2> R4« R5. R6> R7> Rs. and Ri4 are hydrogen; 

R3isisopropyt; 

XisSO;and 

nis3. 

30 22. The compound of tisim 2 wher^ 
RiandRgareOH; 

R2. R4. R5. Re. R7. Rs. and R14 are hyrtogen; 
R3 is 2-butyl; 
XisS;and 
35 nis3. 

23. The compound of cl£dm 2 wherein 
RiandRgareOH; 

R2. R4. B5. R& R7- Rs. and Ri4 are hydrogen; 
R3is2-butyi; 
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XisSO;and 
nis3. 

24. The compound Of daim 2 wherein 
RiandRgareOH; 

5 R2, R5. R& R7, Re. and R14 are hydrogen; 

R3 and R4 are joined together to form a pyrrolidine ring; 

XisS;and 

nis3. 

25. The compound ofdaim 2 wherein 
10 RiandRgareOH; 

R2. R5. Re. R7. R8. and R14 are hydrogen; 

R3 and R4 are joined together to form a pyrrolidine ring ; 

XlsSO;and 

'nis3. 

15 26. The compourvl of daim 2 wherein 
RiandRgareOH; 

R2. R4. R5- Re* and Ri4 are hydrogen; 
R3 is 4-hydroxyl)enzyl; 
R7 and Rs are methyl; 
20 XteS;and 
nisS. 

27. The compound of daim 2 wherein 
RiandRgareOH; 

F)2f R4, R5, R& and Ri4 are hydrogen; 
25 R3 is 4-hydroxyt)enzyl; 

R7 and Rs are methyl; 

XisSO;and 

nisS. 

28. The compound Of cUm 2 wherein 
30 RiandRgareOH; 

R2. R4, R5. R6» and R14 are hydrogen; 
Rsis isoprepyl; 
R7 and Rs are methyl; 
XisS;and 
35 nisS. 

29. The compound of daim 2 wherein 
RiandRgareOH; 

^2f f^, R5> Re. and Ri4 are hycfrogen; 
Rsisisopropyi; 
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R7 and Re are methyl; 

XisSO;and 

nis3. 

30. The compound ofdaim 2 wherein 
5 RiandRgareOH; 

R2. R3, R4, R5. R6» and Ri4 are hydrogen; 

R7 and Rs are methyl; 

XisS;and 

nis3. 

10 31. The compound of daim 2 wherein 
RiandRgareOH; 

R2, R3, R4, R5. Re. and Ri4 are hydrogen; 
RrandRsaren^thyi; 
XtsSO;and 
15 nis3. 

32. The compotixJ of daim 2 wherein 
Rl isNH2; 

RgisOH; 

R2. R4. R5. R& R7. Rs. and Ri4 are hydrogen; 
20 R3 is selected from hy*ogen, 4-amfno-l-butyl. 3-amino-1 -propyl, hydroxymethyl, 2-hydroxy-1 -propyl, 

methyl, eftyl, 2-propyl. isolxityl, n-propyl, n-bu1yl, 2-bulyl, me&iyithioethjrt. benzyl. 4- 
hy(h)xyl)en2yl. 4^nethoxybenzyl. 3-hdolylmethyl, 4*iidazolylmelhyl. phenyl, carboxymethyl. 
carboxyethyi. carboxamidomelhyl, and carboxamidoethyl; 
XtsS:and 
25 nis3or4. 

33. The compound of daim 2 wherein 
Rl isNH2; 

R9isOH; 

R2. R4. R5. Re. R7. Rs. and R14 are hydrogen; 
30 R3 is selected from hydrogen, 4-amino-1 -butyl. S-amfrw-lixopyl. hydroxymethyl, 2-hydroxy-l -propyl. 

methyl, ethyl. 2-propyl, isobutyl, n-propyl, n4xityl, 2-butyl. methylthioethyl. benzyl, 4- 
hycfcoxybenzyl, 4-methoxybenzyl. 3-indolylmethyl, 44midazoIylmethyl, phenyl, carboxymethyl. 
carboxyethyi. carboxamidomelhyl, and carboxamidoethyl; 
XisSQrand 
35 nis3or4. 

34. The compound of daim 2 wherein 
RiandRgareOH; 

R2. R4. R5. Re. R7> Rs. and R14 are hydrogen; 
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R3 is selected from hydrogen, 4-amino-1 -butyl, S-amino-lixopyl, hydroxymettiyl, 2-hydroxy-1 -propyl, 
methyl, ethyl, 2-propyl. isolxjtyl. n-propyl, n-butyl, 2-lxjtyl, methylthioethyl. benzyl. 4- 
hydroxybenzyl, 4-methoxyben2yl, 3-indolylmethyl, A-imidazolylmethyl, pheriyl. carboxymethyl, 
carboxyethyl. carboxamldomethyl, and carboxamidoethyl; 
5 X is (CH2}|( where k is 0. 1 or 2; and 

nis3or4. 

35. The compound of daim 2 wherein 
RiandRgareOH; 

R2. Ft4. R5, Re. R7. Rs. and Ri4 are hych)gen; 
10 R3 is 4-hydroxybenzyt; 

XisCH2;and 
nlsa. 

36. Ihe compound Of daim 2 wherein 
RiandRgareOH; 

15 R2. R4.R51 Re. R7tR8. and Ri4 are hydrogen; 

Rsisisopropyl; 
XisCH2;and 
nis3. 

37. Tlie compound ofdaim 2 wherein 
20 RiandRgareOH; 

R2. R4. R5. Re. R?. Ra. and R14 are hydrogen; 

R3 is 2-butyl; 

XisCH2;and 

nis3. 

25 38. The compound of daim 2 wherein 
RiandRgareOH; 

R2. R5. Re. Ry. Re. and Ru are hydrogen; 
R3 and R4 are joined together to fbmi a pyrrolidine ring; 
XteCH2;and 
30 nis3. 

39. A process for preparhg the compound of daim 2 which comprises: 
(a) cydizing an Intermedate of Fonnula tV 
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COR9 



I I 

(CH2)n O (CH2)m 
r^N'^'Y'^^^^Nh'^^ Support 

IV 

Wherein 

Rl-R9,nandmareasdefffiedfriclaim 2. 
WisBr.aorl. 

Ru is selecied from hydrogen, Ci-Ce alkyl, and C6-Ci2 aryl 
Rl5 is 2A5,7.8i)eniamelhylcfroman-6^u!fbnyi, 
RI6 is hydrogen, and 
XisS; 

(b) deaving the desired product from the resffi; 

( c ) deaving any protecting groins; and 

( d ) puri^ and isolating the more biologically active isomer. 
40. A process for preparing the compound of dahi 2 wftich comprises: 

(a) cydizing an WermecSate of Formula VI 

NHR15 



(CHajn O (CH2)m 



NH NH COR. 



R/ R5 
15 VI 
wherein 

R1-R9, n and m are as defined in daim 2, 
WisBr.aorl, 

Rl4 is sdected from hydrogen, Ci-Ce alkyl, and C6-C12 aryl 
20 R15 is 2.2A73l)entamelhylchroman^idfbnyl, 

Rl6isH.and 



wo 91/01331 



PCr/US90/03788 



10 44. 



15 46. 



65 

XisS; 

( b ) cleaving any protecting groi^Ts; and 

(c) pirifying and isolating the more tiiologically active isomer. 

41 . A pharniaceutical composition comprising a pharmaceuticaBy acceptable excipient and the compound of 
Clabni. 

42. A method for irWbiBng platelet aggregation which method comprises administering a platelet 
aggregation biKbiting amount of the compound of Clatoi 1 . 

43. A method for reducing platelet aggregation in a mammal, comprising administering a pharmaceutically 
effective amount of the composition of matter as defined by datm 1 to said mammal. 
The method of daim 43, further comprising admiristering said composition of matter to said mammal in 
admixture with a pharmaoeuticaOy acceptable carrier. 

45. A method for treating a mammal who has an increased propensity for thrombus fonmatioa comprising 
admirtistering a phannaceulicaliy effective amount of the composition of matter as defined by daim 1 to 
saidmammal. 

A composition of matter for reducing platelet aggregatfon in a mamrnal. comprising the composition of 
matter as defined by daim 1 . 

47. A composition of matter for treating a mammal who has an ffxmsed propensity for thrombus formation, 
comprising the compodtton of matter as defined by daim 1. 

48. A composition of matter for inhibiting fibrinogen binding to platelets in a mammal, comprising the 
20 compositton of matter as defined by daim 1. 

49. A composition of matter comprising the compositions of daim 1 wherein Ri is Ci -Ce alkoxy which 
Mudes branched and unsaturated akyi groups. 

50. A composition of matter comprising the compositions of daim 1 wherein R9 is Ci-Ceai^xy which 
tndudes branched and unsaturated alkyt groups. 

25 51 . A composifion of matter comprising the compositions of daim 1 wherein Ri and R9 are both Ci -Ce 
aHcoxy which indudes branched and unsaturated alkyi ^oups. 

52. A method of treating a mammal who has an increased propensity for thrombus formation which 
comprises administerhg to said mammal a therapeuticaly effective amount of the composition of daim 
51 , 52, or 53 wherein the Ri and R9 alkoxy ^oups are hydrolyzed following admffiistration to said 

30 manvnaL 

53. A method for treating a mammal who has an Increased propensity for tlrombus fonnatton, comprising 
admir^stering a phannaceutically effective amount of the compositfon of matter as defined by daim 1 in 
combination with a thrombolytic agent 

54. A method for treating a mammal who has an Increased propensity for thrombus formation, comprising 
35 administering a pharmaceutically effective amount of the composition of matter as defined by daim 1 in 

oombinatton with an antk»aguiant 

55. A method for treating a mammal who has an increased propensity for ttvombus formatnn, comprising 
administering a phann^utk:aily effective amount of the composition of matter as defined by daim 1 
folfowing angtoplasty. 
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56. A cydic peptide containing tiie tripeptide sequence Arg-Gly-Asp and a ttiioether linloge in the cycle. 

57. The cydic peptide of daim 57 wherein the cydic peptide contains 5 amino adds in the cyde. 

58. The cydic pepfide of daim 57 wherein the cyde contaftis 17 or 18 atoms HI a ring. 

59. The cydic pepSde of daim 58 wherein the cydic peptide contains at least one D-o-amino add. 

5 60. The cydic peptide of daim 59 wherein the D-amino add is in any position in the cyde except the A^^ 
Gly-Asp sequence. 

61. The cycBc peptide of claim 57 wherein the sulfur of the tl*)etherBnkage is bonded to at least one 
ojqigea 

62. A qidic pentapepb'de containing the tripeptide sequence Arg-Gly-Asp wherein the <^de comprises a 
10 peptide inkage through an amino add sidechain. 

63. The cydic peptide of da&n 62 wherein the pepfide Mags is though the 6 cartwxyl of 2-amino-l,6- 
hexanedUcadd. 

64. The cycficpenlapeptide of daim 63 whertin the cyde contains 17 or 18 atoms in a ling. 
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